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Abstract: Due to economic reasons arising out of deregulation and open market of electricity, 
modern day power systems are being operated closer to their stability limits. Voltage stability 
problems have been one of the major concerns for electric utilities as a result of heavier loading of 
power systems. Maintaining voltage stability & specified voltage levels at all nodes in a large & 
heavily loaded Power network is a critical & challenging task for power engineers. A number of 
different approaches have been reported in papers for improvement of voltage stability.  In this 
paper a method for improving voltage stability in a power network comprising of multiple lines & 
switches has been suggested based on Network Reconfiguration approach. Network 
Reconfiguration is intended to enhance the voltage stability by determination of switching options 
that maximize voltage stability the most for a particular set of loads and is performed by altering 
the topological structure of the system. In this paper reconfiguration of a power network is 
achieved by addition of new power lines to the existing network. Attempt has been made to find 
out the best possible combination of switches & lines, which results in highest voltage stability of 
the overall system. The present work reveals that careful and optimum selection of power lines and 
inter connection switches can provide the best voltage stability solution for a given loading 
condition. The proposed Reconfiguration method is applied to the standard IEEE-14 Bus test 
system. The IEEE-14 Bus SYSTEM is reconfigured by addition of four power lines.  

Keywords: Voltage Stability, Network Reconfiguration, L-index, Loss minimization. 

I.      INTRODUCTION 

Voltage control and stability problems are now receiving special attention in highly developed networks 
as a result of heavier loading. Due to fast growth in power demand incidence of sudden voltage collapse 
has been experienced. When such an incident happens, some industrial loads will be switched off 
through automatic cut-off switches, resulting in severe interruptions. The phenomenon of voltage 
collapse has been observed in many countries and has been analyzed extensively in recent years. Most of 
the incidents of voltage collapse are related to heavily stressed power systems where large amounts of 
real and reactive power are transported over long extra high voltage (EHV) transmission lines, while 
appropriate reactive power sources are not available to maintain normal voltage profiles at receiving end 
buses. Most EHV transmission lines being very sensitive to real and reactive power changes, frequently 
suffers from voltage instability [1-3]. Improvement of voltage stability is very much essential in order to 
ensure desired power transfer at rated voltage  “Voltage stability concerned with the ability of power 
system to maintain the acceptable voltages at all system buses under normal conditions as well as when 
the system is being subjected to a disturbance”. Voltage stability is classified into large-disturbance 
voltage stability and small disturbance voltage stability [4]. The former is concerned with a system’s 
ability to control voltages following large disturbances such as system faults, loss of generation, or 
circuit contingencies. The latter concerned with a system’s ability to control voltages following small 
perturbations such as incremental changes in system load. The basic processes contributing to small-
disturbance voltage instability are essentially of a steady-state nature. Therefore, static analysis can be 
effectively used to determine stability margins which show how close current operating point of a power 
system is to the voltage collapse point. Recently, a large number of papers have addressed the issue of 
quantifying the distance of a specific operating state to voltage collapse point.  
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This paper uses the voltage stability index for stressed power system has been derived by Jasmon and 
Lee [4] from a reduced system model, and this index could identify how far a system is from its point of 
collapse. A new relationship between voltage stability and power losses has been proposed to show that 
voltage stability is improved when power losses are reduced [5]. Network reconfiguration approach has 
then been used to improve the overall voltage stability of the system. 

Network reconfiguration can be used as a real-time control tool in power system operation and planning. 
Network reconfiguration alters the topological structure of the network. In the present paper power 
network is reconfigured by addition of power lines between the buses. From time to time the power 
network is reconfigured by changing the ON/OFF status of additional power lines so that, the voltage 
stability is maximized for a given loading condition. In case of distribution networks, sectionalizing-
switches and tie-switches are used. These switches can be used for both protection and network 
reconfiguration. Modifying radial structure of the feeders by changing the ON/OFF status of 
sectionalizing and tie-switches to transfer loads from one feeder to another may significantly improve the 
operating conditions of the overall system. 

LOAD FLOW 
The modern approach of power system is interconnections of all the generating stations i.e. forming a 
grid system. Load demand undergoes wide changes in the day. The generation of power at all the 
moments should be equal to the demand. One of the advantages of grid system is generation of power 
always meet the load demand at all times.  For most economic operation the load must be shared in equal 
ratios. Care must be taken so that none of interconnected station may be overloaded. Newton-Raphson 
method is based on Taylor’s series and partial derivatives. The N-R method is recent, take less computer 
time hence computation cost is less and the convergence is certain. The Newton-Raphson method is 
more accurate, and is insensitive to factors like slack bus selection, regulating transformers etc. and the 
number of iterations required in this method is almost independent of the system size. So using Newton-
Raphson Load flow Method of the IEEE-14 BUS SYSTEM having bus data and line data. So the load 
flow result is shown in table-3 by using mat lab software 

 

TABLE-1: Us-Data for the IEEE-14 Bus System 
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TABLE-2: Line-Data for the Ieee-14 Bus System 

 

TABLE-3: Load flow result for IEEE-14 Bus system. 

II. COMPUTATION OF VOLTAGE STABILITY INDEX FOR A REDUCED SINGLE-LINE EQUIVALENT 
NETWORK 

Consider the single-line system shown in Fig.1. 
Let, 
     = injected real power 
     Q = injected reactive power 
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     V= sending end voltage
     r = resistance of the line
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     Q
     lP
               

 

From the Fig. 1, the real and reactive power eq

   P =

   Q =

From equations (1) & (2), we can eliminate 

P(x

The voltage at sending is the reference voltage, and its magnitude is kept constant. Hence, the s
end voltage is assumed as 1 per unit. On rearranging equation (3) and eliminating Q from equation (1), a 
quadratic equation in P is obtained as

xr( 2 +

And eliminating P from equation (1), a quadratic equation 

xr( 2 +

As equations (4) and (5) are in quadratic form, for P and Q to have real roots, the determinants of 
equations (4) and (5), respectively, must be greater than or equal to zero. Thus,
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Fig. 1 Single-line system

From the Fig. 1, the real and reactive power equations can be derived as      
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Simplifying equation (6) or (7), we obtain 

1]rPxQ)rQxP[(4 ll
2

ll ≤++−         (8)                        

For a given power network, the total real and reactive power can be computed as 

∑∑ += liloss PPP          (9)                                                                 

∑∑ += liloss QQQ             (10)                                          

Where  ∑ lossP  and ∑ lossQ  are the total real and reactive power losses in the system and ∑ liP & 

∑ liQ  are the total real and reactive loads, respectively. 

A real power network consisting of many lines can be reduced to a system with only one line. It has been 
shown that by applying the single-line method for the reduction of network, the occurrence of voltage 
collapse can be studied easily, and it is not necessary to consider every line of the network separately. By 
using the single-line method, the total real and reactive powers can be found as 

∑++= li
22

eq P)QP(rP            (11)                                                
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22

eq Q)QP(xQ           (12)                                                          

Where eqr and eqx are the equivalent resistance and reactance, respectively, in the single line. Recalling 

equation (8), the stability index L can be defined as                      
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2
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Hence, for a reduced single-line network, equation (13) can be rewritten as 
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leqeqleqeq ++−=             (14)                                   

Where leqP  and leqQ are the total real and reactive loads, respectively, in the distribution network. From 

equations (9) to (12), the equivalent resistance and reactance of a reduced single line network can be 
defined as             
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∑
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Q
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eq    (16)                                                                                                                         

 
For a stable system, the value of stability index, L is very much less than 1; however, if the value of L 

approaches 1, this would indicate that the system is close to voltage collapse. If the network is loaded 
beyond this critical limit, the power becomes imaginary, and it is at this point that the voltage collapse 
occurs.  
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Relationship between Voltage Stability and Power Loss 

Substitute the values of eqr and eqx from equations (15) and (16) into the voltage stability of equation 

(14), the stability index becomes 
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By assuming that leqP >> ∑ lossP  and leqQ >> ∑ lossQ , the simplified stability index L can be obtained 

as follows 
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By making leqleqleq jQPS += , the simplified stability index L becomes, 
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in equation (19) is always positive and its value is very small as compared to other terms of the equation. 
From equation (19), it is seen that the stability index L increases with increase in power loss. On the 
other hand, if power loss is minimized, the stability value L is decreased and hence voltage stability 
improved. 

III. NETWORK RECONFIGURATION TECHNIQUE 
Network reconfiguration means restructuring the power lines which connect various buses in a power 
system. Restructuring of specific lines lead to alternative system configurations. Network reconfiguration 
can be accomplished by placing line interconnection switches into network. Opening and closing a 
switch connects or disconnect a line to the existing network. If there are   N switches in a network, there 
are 2N possible switching combinations. In this paper an IEEE-14 bus system is reconfigured by addition 
of four power lines. For 4 switches there will be 16 switching combinations. Improving voltage stability 
by network reconfiguration involve study of these 16 switching options and to identify optimum system 
configuration that will enhance voltage stability the most under a given loading and generation condition 
.The improvement of voltage stability is achieved only by altering topological structure of the power 
lines and does not involve any additional hardware like installation of SVC, capacitor bank, tap-changing 
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transformers etc.. The challenge in the proposed method however lies with the task of finding the 
optimum switching pattern that would maximize the overall voltage stability of the system. Benefits of 
network reconfiguration are as follows: 

a. Network reconfiguration improves the voltage stability of the system. 
b.  Network reconfiguration reduces the power losses and improves the reliability of power supply by 

changing the status of switches. 
c.  Network reconfiguration also helps smoothening out the peak demands, improving the voltage 

profile in the feeders and increase network reliability. 
d.  Enhancement of voltage stability can be achieved without any additional cost involved for 

installation of capacitors, tap changing transformers and the related switching equipment. 

A. Enhancement of Voltage Stability by Network Reconfiguration involves following computational 
steps 

1.  Standard Load flow analysis program is used to obtain the values of bus voltages and complex 
powers. 

2.  
∑ ∑

∑
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are estimated from the load flow analysis results. 

3.  With these values of reqr  and reqx , the value of  

]PrQx)QrPx[(4L leqeqleqeq
2

leqeqleqeq ++−=  is computed.                                  

4.  L-Index for each switching combination is estimated separately. 
5.  The switching combination which gives the lowest value of   L, i.e. the best voltage stability is 

determined.  

IV.   CASE STUDIES AND RESULTS 
A case study has been conducted on a modified IEEE-14 bus system. The standard IEEE-14 bus system 
has been modified with the addition of power lines which connect various buses in a power system by 
connection/disconnection switches. Also connection / disconnection switches have been placed in series 
with the existing lines. The system under study is illustrated in fig 2. By closing or opening a switch, a 
line can be added or removed from the system respectievely.’0’indicate switch is open,’1’ indicate 
switch is closed. 
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Reconfiguration has been achieved by addition four power lines to the existing network. The number of 
additional lines has been restricted to four from the point of view of economic considerations as 
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table 1.
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Normal loading: All load buses have normal (100%) loading. 
Load-1: 70% increase in load at 10-Bus & 30% decrease in load at 5, 14 Buses. 
Load-2: 70% increase at 10-Bus & 30% decrease at 5, 14 & 70% increase in load at 13 bus. 
Load-3: 90% increases in load at 9, 5Buses. 
Value of L-index has been computed for each system configuration and for each individual loading 
condition. The computed values of L-index are presented in table 2. 

 

TABLE 5: Few Samples of the Computed L-Index Values For Normal and Modified System 
Configurations with Fixed Loading and Variable Load Condition 

 

The computed L-index value for normal system configuration (configuration no: 0), as observed from the 
table: 2 is 0.2758. Many alternative system configurations result lower value of L-index compared to the 
normal configuration, and hence can improve overall voltage stability. With simultaneous addition of 
power lines (S1=1, S2=1, S3=0, S4=1) the L-index value is reduced to 0.1899. With variation of load, the 
optimum switching combination also changes. The variation in the value of L-index with change in 
system configuration is plotted in Fig. 3-6. The power losses in the system are also computed for each 
individual configuration and under all four different loading conditions. The power losses in the system 
before and after reconfiguration are shown in table 3. 

 

TABLE-6: Power Losses before and after Reconfiguration 
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Best switching combinations for a given load and the corresponding L-index values are mentioned below: 
a)  Under normal load condition best combination is: S1=1, S2=1, S3=0, S4=1 (L-index: 0.1899). 
b)  Under load-1 condition best combination is: S1=1, S2=1, S3=0, S4=1 (L-index: 0.1890).                          
c)  Under load-2 condition best combination is: S1=1, S2=0, S3=0, S4=1 (L-index: 0.2159). 
d)  Under load-3 condition best combination is: S1=1, S2=0, S3=0, S4=1 (L-index: 0.2622). 
 

From the above results it is clear that with the variation of loads results in the change of switching combinations 
to obtain the best voltage stability. There exist a unique system configuration for each loading condition which 
would result in best voltage stability and minimum losses for the overall system. 

VI. CONCLUSION 
Voltage stability problems, once associated primarily with weak systems and long lines, are currently a 

source of concern in highly developed systems as a result of heavy loading. In this paper, the application of 
network reconfiguration technique for power network has been proposed for enhancement of voltage stability. 
The results obtained from the present study clearly indicate that the change of system configuration has 
significant impact on the voltage stability. Therefore, restructuring of system topology can improve voltage 
stability without involving any additional hardware and equipment cost. The present work conclusively 
demonstrates that for any given loading and generation condition, it is always possible to find out an optimum 
configuration for a power network, which can result best voltage stability for the whole system. It can also be 
concluded that improvement of voltage stability is associated with the reduction in overall power losses in the 
system and in most cases, the best voltage stability is achieved when power losses in the system are at the 
minimum value. 
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