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ABSTRACT: Voltage stability is currently one of the most important research areas in the field
of electrical power systems. With the increased loading and exploitation of the power transmission
system being also due to improved optimized operation the problem of voltage stability and voltage
collapse attracts more and more attention. Voltage collapse can take place in systems or subsystems
and can appear quite abruptly which requires the improved continuous monitoring of the system
state. Researchers have been trying to find out the most effective way for online system status
monitoring, so that necessary precautions can be taken prior to voltage collapse. Suitable preventive
control actions can be implemented considering contingencies that are likely to affect the power
system performance. An effective method for contingency ranking is proposed in this paper. This
method calculates the voltage stability margin considering branch outages. The basic methodology
implied in this technique is the investigation of each line of the system through calculating line
stability indices. The point at which VSI close to unity indicates the maximum possible connected
load termed as maximum loadability at the point of bifurcation. This technique is tested on the IEEE
system and results proved that the contingency ranking indicates the severity of the voltage stability

condition in a power system due to line outage.

I. INTRODUCTION

Voltage stability has recently become a
challenging problem for many power systems.
Voltage instability is one phenomenon that could
happen in power system due to its stressed
condition. The result would be the occurrence of
voltage collapse which leads to total blackout to
the whole system Investigation and online
monitoring of power system stability have
become vital factors to electric utility suppliers.
The problem of voltage collapse may be simply
explained by an inability of the power system to
supply the reactive power or by an excessive
absorption of reactive power by the system itself.
It is to be understood as a reactive problem and it
is strongly affected by the load behavior (i.e.
constant Q for varying voltages).

Voltage collapse occurs when a system
is heavily loaded and unable to maintain its
generation and transmission schedule, observed
by a sudden decline or ‘sag’ in system-wide
voltages. This change in voltage is so rapid that
voltage control devices may riot take corrective
actions rapidly enough to prevent cascading
blackouts. The continual increase in demand for
electric power has forced utility companies to

operate their systems closer to the limits of
instability. This has increased the importance of
implementing suitable and efficient techniques
for analysing, monitoring and prediction of
possible voltage collapses in the system prior to
their occurrence.

In this paper voltage stability analysis and
maximum loadability are conducted using new
line stability index indicated by VSI. The new
line stability index and contingency analysis
techniques are tested on a standard IEEE 9- bus
system. The reactive power at a particular bus is
increased until it reaches the instability point at
bifurcation. At the instability point, the connected
load at the particular bus is determined as the
maximum loadability. The line stability indices
are evaluated for each loading condition and line
outage. The values of line stability index would
indicate the voltage stability condition in a power
system for a particular load demand. Line
stability indices values which approach 1.00
imply that the power system approaches its
voltage stability limit. A contingency table was
developed from the results obtained from the
simulation of each transmission line outage. The
outage which resulted in a severe stability



condition will be ranked high. From the
contingency ranking table, the effect of
breakdown at a line on voltage stability condition
of a system could be determined.

II. PROPOSED TECHNOLOGY

The voltage stability index or
proximity is the device used to indicate the
voltage stability condition formulated based on
a line or a bus. The maximum threshold is set at
unity as the maximum value beyond which this
limit system bifurcation will be experienced.

The VSI is derived from the voltage
quadratic equation at the receiving bus on a
two-bus system. The general two-bus
representation is illustrated in Figure 1. The
symbols are explained as follows
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Fig. 1.Two-bus power system model

The line impedance is noted as Z=R+jX with
the current that flows in the line is given by;

I_VILO—VZLé'I (D)
R+ jX
V, is taken as the references, and therefore the

angle is shifted into 0. The apparent power at
bus 2 can be written as;
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Equating (1) and (4) we obtained;
WZ=0-V, 20=(R+jX)(B=jQ) (5

Separating the real and imaginary parts yields;
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and,
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Rearranging (7) for P, and substituting into (6)
yields a quadratic equation of V,;
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To obtain the real roots for V, the discriminant
is set greater than or equal to ‘0’; i.e.
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Since 0 is normally very small then,
O0=0,Rsind=0,and, X cosd = X

Taking the symbols ‘i’ as the sending bus and
‘j” as the receiving bus. Hence, the fast voltage
stability index, VSI can be defined by;
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The value of VSI that is evaluated
close to 1.00 indicates that the particular line is
closed to its instability point. Therefore, VSI
has to be maintained less than 1.00 in order to
maintain a stable system.

ITII. WEAK BUS IDENTIFICATION
The  proposed  algorithm  was
implemented in MATLAB 7 and executed on
Pentium 4 machine. The flow chart is given
below
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Fig 2 Flow chart for weak bus identification

To validate the performance of the
indicator, an IEEE 9 bus reliability test system
is used.

This system has3 generator buses and 6
load buses. In order to investigate the
effectiveness of the VSI 6 load buses were
selected. The reactive power at these buses
increased gradually one at a time.

IV.  RESULTS AND DISCUSSION

For finding the maximum load and
weak bus 6 load buses are investigate one by
one. The results are tabulated below. From
table 1 we can find the maximum load, critical
voltage and critical line .For example consider
Bus n0.9, it has the rank 1. From the base case
increase the reactive power till the index value
closes to 1. The maximum computable value of
VSI obtained is 0.9999 for the line connected
between buses 2 and 9 i.e. L3. The VSI (L3)
value (0.9999) at this point is close to unity
indicating that the system has reached its
stability limit. At this point L3 is the most
critical line with respect to bus 9. The critical
voltage of particular bus is 0.7458 p.u. At the
same time maximum reactive power loading for
the maximum computable value of VSI (Bus

No0.9) is 9.5458 Mvar (Qmax), beyond this
limit violation will be experienced.

Table 1
Line Q
Rank Bus From, max. | Voltage VSI
max.
To (p.w)

1 9 2-9 9.545 | 0.7458 0.9999
2 8 1-8 6.717 | 0.7879 0.9999
3 3 2-3 5.250 | 0.7588 0.9999
4 6 6-7 5.230 | 0.7706 0.9999
5 4 34 3.688 | 0.6262 0.9999
6 5 5-6 3.112 | 0.6949 0.9998

From this result we can also found that
Bus No. 9 has the maximum reactive power
(9.5455 P.U.) and Bus No. 5 has the minimum
reactive power (3.1126 P.U.).This means that
Bus No.9 is the healthy bus and Bus No. 5 is
the weakest bus in this system.
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V. CONTINGENCY

AND RANKING

In power system  operation
unpredictable events is termed as contingency.
It may be caused by line outage in the system
which could lead to entire system instability.
Voltage stability analysis could be performed in
a power system by evaluating the derived
voltage stability index. The values of the
voltage stability index would indicate the
distance to voltage collapse for a given loading
condition. These indices are taken as an
instrument that will measure the stability

SCREENING



condition and used to rank the contingencies in
a power system. A high contingency ranking
implies the severe effect of a particular
contingency to the system. A load flow analysis
is carried out prior to the computation of the
voltage stability index and ranking of
contingencies. The results obtained from the
load flow analysis will be utilized for computed
the voltage stability index and ranking of the
contingencies.

Using the line stability index (VSI)
contingency analysis was carried out and a
contingency table was developed from the
results obtained from the simulation of each
transmission line outage. The outage which
resulted in a severe stability condition will be
ranked high. From the contingency ranking
table, the effect of breakdown at a line on
voltage stability condition of a system could be
determined. The contingencies tested were
based on transmission line outage. Several
cases are simulated in order to determine the
contingency ranking.

VI. CONTINGENCY SCREENING

The contingency ranking for different
cases randomly selected were based on line
stability values evaluated for each loading
condition. The computation was performed by
taking line outage 1 through 1lconsecutively
for each different case. The line stability
indices were computed and the results are
tabulated in Table 2.The values of line stability
indices highlighted in the table demonstrate the
highest indices after being sorted in descending
order.

a. Single load change with reactive power
Casel: increase Q at bus 3
Case 2: increase Q at bus 4
Case 3: increase Q at bus 5
Case 4: increase Q at bus 6
Case 5: increase Q at bus 8
Case 6: increase Q at bus 9

Referring to table 2 when line 1 is outage,
the proposed line stability index is evaluated
for each line in the system and the result yields
the line stability index value for line 3 is the
highest which is 0.4930.It shows that line 3 is
approaching its voltage stability limit
.However, it can be seen that outage in line 4

gives the index value 257.9233 indicates
voltage collapse has occurred in this line.
Similar analysis was conducted for all other
cases in order to determine which line outage
would cause voltage collapse to occur in the
system

From the table we can also analyses
that the line which has the index value close to
1.00 which is the most critical line in that case.
And the line which has the index value greater
than 1 means due to the outage of that line
voltage collapse was occurred. For example
consider the outage of L4 we can say that in
case 4,5 and 6 the index value is less than 1
(0.5084, 0.4576and0.4924) .But in case 1,2 and
3 the index value is greater than 1. (257.9233,
7.8829 and 1.0154). From this we can
conclude that the line outage L4 is not a severe
in case 4, 5 and 6. But in case 1, 2 and 3 it is
the most severe case.

From this result we can found which
the critical line is when the outages occur. For
example consider casel. Here when outage of
L1 occurs then Line 4 is the most critical line.
From this result we can also found that in casel
most of the outages line 4 is the severe one. We
can conclude that line 4 is the critical line.

b. Single load change with real power
Case 7: increase P at bus 3
Case 8: increase P at bus 4
Case 9: increase P at bus 5
Case 10: increase P at bus 6
Case 11: increase P at bus 8
Case 12: increase P at bus 9
Referring to table3 when line 1 is outage,
the proposed line stability index is evaluated
for each line in the system and the result yields
the line stability index value for line 10 is the
highest which is 5.2389.1t shows that line 3 is
beyond its voltage stability limit .However, it
can be seen that outage in line 4 gives the index
value 34.7386 indicates voltage collapse has
occurred in this line. Similar analysis was
conducted for all other cases in order to
determine which line outage would cause
voltage collapse to occur in the system
From the table we can also analyses
that the line which has the index value close to
1.00 which is the most critical line in that case.
And the line which has the index value greater



than 1 means due to the outage of that line
voltage collapse was occurred. For example
consider the outage of L4 we can say that in
case 9, 10, 11 and 12, the index value is less
than 1 (0.4039, 0.3236, 0.2218 and 0.2742)
.But in case7 and 8the index value is greater
than 1. (34.7386 and 10.4718).From this we
can conclude that the line outage L4 is not a
severe in case 9,10,11 and 12. But in case 7 and
8 it is the most severe case.

From this result we can found which
the critical line is when the outages occur. For
example consider case 7. Here when outage of
L1 occurs then Line 10 is the most critical line.
From this result we can also found that in case
2 most of the outages line 4 is the severe one.
We can conclude that line 4 is the critical line.

VII. CONTINGENCY RANKING

Table 4. Gives the contingency ranking
for the system based on line outage. The line
outage which caused the system to violate or
resulted in system to be closest to its voltage
stability limit is ranked the highest. For case 1
for example, it can be seen that line outage at
line 4 is at the top of the list. Since it has
caused voltage collapse in the system .Line
outage in linel0 is ranked the lowest since the
maximum line stability indices evaluated for
this contingency is less than 1.00 (i.e. 0.4363),
indicating that the system is far from its
stability limit.

VIII CONCLUSION

A rigorous investigation was carried
out to see the effectiveness of reactive load
variation on the line stability index (VSI).The
VSI determines the maximum load that is
possible to be connected to a bus in order to
maintain stability before the system reaches its
bifurcation point. This point is determined as
the maximum loadability of a particular bus
which beyond this limit system violation will
be experienced.

The individual maximum loadability
obtained from the load buses will be sorted in
ascending order. The highest rank implies the
weak bus in the system with low sustainable
load and the bus which ranked highest may
sustain higher load with broader stability
margin. From this information, proper
monitoring of a weak node can be conducted in
maintaining a secure electric utility so that the
load connected to the respective bus will not
exceed the maximum allowable load to
maintain a stable system.
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Table 2 Results for contingency analysis
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