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 

Abstract— This paper work aims the predication of steady 

state voltage stability conditions in a transmission network. 

The voltage stability is checked by formulating an (L) index 

and the corresponding uncertainties input   parameters   are 

efficiently modeled   in   terms   of fuzzy sets   by   using 

triangular membership function. The proposed technique will 

be highly useful to ensure voltage security of power system by 

predicting the nearness of voltage collapse with respect to the 

existing load condition. This will in turn help us in determining 

the maximum load ability of the given system without causing 

voltage instability.  The validity of the technique is tested on a 

sample 5-bus system and IEEE 14-bus system using software 

simulation. The results are provided for the feasibility of the 

technique includes fuzzy load flow solution for base and critical 

cases. This method can be applied both for off-line as well as 

on-line applications. 

 

Index Terms—Fuzzy logic, Power system enhancement, 

Stability index, Voltage Stability. 

 

I. INTRODUCTION 

One of the important operating requirements of a reliable 

power system is to maintain the voltage within the 

permissible ranges to ensure a high quality of customer 

service. In modern bulk power system, voltage  instability  

would  lead to blackout  which  is  of  major concern in 

planning and  operation  of  power system. Voltage instability 

[1]  is  characterized  by  variation in voltage  magnitude   

which   gradually  decreases  to  a  sharp  value accompanied 

with  simultaneous decrease  in  power transfer to load  end 

from the source. Prior  to voltage instability , bus angle  and  

frequency 

remain  constant  but  after the occurrence of  voltage 

instability the reactive  power  absorbed   by   the   

transmission   line   increases to  such   an  extent  that   it   

becomes   difficult   to  maintain  the  voltage magnitude 

within the limit . 

Hence   it  may be  rightly said that  voltage  instability  

occur  due  to  the  inability  of  the system to  supply  reactive  

power to the load. It may also occur due to the network  

disturbance  such  as  loss   of  an  important  transmission 

line,  transformer  or  generator may  also  occur due to the 

line fault  or  bus  fault, heavy  HVDC power  flow without 
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adequate  shunt capacitance and inverters [2]. In practice to 

over come the above problems, usually controlling devices 

such as tap changing transformers are employed. However 

they fail to get activated quickly enough to prevent voltage 

collapse. Most of the indices developed are system-based or 

based on bus orientation. There has not been much research 

in voltage stability assessment via line based voltage stability 

index. The existing technique is based on a line based voltage 

stability index which detects the critical lines for a specific 

load scenario for monitoring the system prior to experiencing 

line outage. The limitation of the above method is that it does 

not reach unity under various power factor operations of a 

transmission lines. Particularly, their index show very less 

value (much less than 1) for high power factor operation of a 

transmission line.  

A bacteria foraging technique has been implemented for 

minimizing loss, taking voltage stability into account [3]. An 

analysis of MW and MVAR management for the 

improvement of economical dispatch by using participation 

factors has been derived from the critical eigenvectors of the 

jacobian matrix [4]. A new model for optimal reactive power 

flow has been designed by the predictor corrector primal dual 

interior point method [5]. A recent work on the stability 

index has been carried out by the use of tellegen‟s theorem 

[7]. Other works on the stability index have included 

preventive control of voltage stability using a new voltage 

stability index [8]. Many novel methods have been employed 

for this voltage stability control such as the effect of load tap 

changers in emergency and preventive voltage stability 

control [9]. Nonlinear optimization techniques have been 

used for voltage stability analysis by fast computation of 

voltage stability security margins [10]. Other applications of 

the nonlinear programming have included congestion 

management problem ensuring voltage stability [11]. The 

voltage collapse prediction [12] methodology has been 

presented based on line voltage stability index [13]. It is 

predicted by estimating the load flow solution and then 

calculating the line voltage stability index. Hence, the lines 

which are in stressed conditions can be easily identified. This 

information can be used as a basic tool for security 

monitoring [14] of the system. Most of the indices developed 

are system-based or based on bus orientation. There has not 

been much research in case of static voltage stability [15] [16] 

assessment via line based voltage stability index.  In the 

existing model, a voltage stability criterion is formulated 

based on power transmission concept in a single line. An 

interconnected system is reduced to a single line network and 

then applied to assess the overall system stability. Utilizing 
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the same concept but using it for each line of the network, a 

stability criterion is developed which is used to assess the 

system security.                                                                                                                                                        

 In this paper, voltage stability assessment via line-based 

stability index is analyzed using fuzzy based controller and 

an effective procedure for voltage stability assessment 

(nearness of the operating point to voltage collapse point) 

using the exact line voltage stability index is developed. The 

developed index incorporates correctly the effect of real and 

reactive power increase scenario in any direction as against 

the existing line voltage stability index.  Here the 

uncertainties in the input parameters would be dealt with the 

fuzzy sets. Fuzzy based voltage stability index is calculated in 

each step after performing Newton-Raphson load flow study. 

The fuzzy voltage stability index clearly indicates the 

location and status   of   critical   bus bar. Therefore, a new 

method of achieving a reasonable voltage profile for 

economic and stable operation of a power system is the need 

of the hour.  The software based results are provided for the 

proposed algorithm to validate its feasibility of operation. 

II. MATHEMATICAL MODELLING OF LINE VOLTAGE STABILITY 

INDEX 

The proposed line voltage stability index, is capable of  

yielding  accurate, consistent and  reliable  results  as  

demonstrated   in  the  case  studies  carried out under this 

paper. 
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where, 

Pm – Receiving end real power in p.u 

Qm – Receiving end reactive power in p.u 

Vk – Sending magnitude voltage in p.u 

As long as above index is less than unity, the system is 

stable. Li is termed as voltage stability index of the line. At 

collapse point, the value of Li will be unity. Based on voltage 

stability indices, voltage collapse can be accurately be 

predicted.  

The lines having high value of the index can be predicted 

as the critical lines, which contribute to voltage collapse. At 

or near the collapse point, voltage stability index of one or 

more line approach to unity.  This method is used to assess 

the voltage stability.  

III. FUZZY BASED LOAD FLOW ANALYSIS 

In Newton-Raphson load flow method the repetitive 

solution is obtained by the equations (1). By using these 

equations   „‟   and „V‟ is updated in each iterations.  In 

fuzzy load flow problem „Fuzzy Logic‟ is used to update„‟   

and „V‟. 
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A.  Main Idea of Fuzzy Load Flow (FLF) Algorithm 

The Equation (2) given by Newton-Raphson can be 

expressed as for the proposed Fuzzy index by the equation (3) 

      ΔX . JΔF                (3) 

The above equation denotes that the correction of state 

vector X at each node of the system is directly proportional 

to vector   F. The proposed   fuzzy   load   flow   algorithm   is  

based  on   the     previous  Newton – Raphson  load  flow  

equation  but  the  repeated    update  of  the  state vector  of  

the   system  will  be   performed  via expressed by,   

        ΔFfuzzyΔX   

B.  Fuzzy Logic Load Flow Algorithm 

In Figure 1 the power parameters  such as real power     

(Fp ) and reactive power ( Fq  ) are calculated and 

introduced  to  the p-  and  q-v fuzzy  logic  controller  (FLC)   

respectively.   The   FLCs   algorithm execute the state vector   

X  namely, the correction of voltage magnitude     for   the 

p-   cycle   and   the voltage magnitude V for the q-v cycle. 

 

Figure 1.  Algorithm for Fuzzy Logic  

C.     C. Structure of Fuzzy Logic Load Flow Controller 

(FLFC) 

The main structure of the proposed FLFC is shown in the 

Figure 2. It comprises of four principle components 

 Fuzzification interface 

 Rule Base  

 Process logic 

 De-fuzzification 
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Figure 2.  Structure of Fuzzy Load Flow Controller 

The FLFC involves the following functions during 

iteration. 

 

 Calculate and per-unite the power parameters Fp 

and  Fq at each node of the system. 

 The above parameters are elected as crisp input 

signals. The maximum  (  or  worst  )  power  

parameter   (  Fpmax   ( or )   Fqmax  ) determines 

the range of scale mapping that transfer  the   input 

signals into  corresponding  universe  of discourse at  

every iteration. 

The input signals are fuzzified into corresponding fuzzy 

signals ( Fpfuz  or  Fqfuz ) with seven linguistic variables 

 Large negative ( LN) 

 Medium negative(MN) 

 Small negative(SN) 

 Zero(ZR)   

 Small positive(SP) 

 Medium positive(MP) 

 Large positive(LP) 

 

Figure 3.  Triangular Membership Function 

D. Fuzzification 

They are represented in triangular membership function 

sketches of these membership functions are shown in the 

figure 3. Each three points designed as 
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Similarly the output signals represented in triangular 

membership function, sketches of these membership 

functions are shown in the figure 3. Therefore, each three 

points of the triangular membership function of  Xfuz are 

designed as, 
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The rule base involves seven rules with seven linguistic 

variables. 

             Rule 1   :  if Ffuz is LN then Xfuz is LN 

             Rule 2   :  if Ffuz is MN then Xfuz is MN 

 Rule 3   :  if Ffuz is SN then Xfuz is SN 

 Rule 4   :   if Ffuz is ZR then Xfuz is ZR 

     Rule 5   :  if Ffuz is SP then Xfuz is SP 

 Rule 6   :  if Ffuz is MP then Xfuz is MP 

 Rule 7   :  if Ffuz is LP then Xfuz is LP 

These fuzzy rules are consistent with the observation that 

corrective action to state vector X is directly proportional to 

power vector F at every iteration. 

E. Process Logic 

The fuzzy signals Ffuz are sent to the process logic which  

generates  the  fuzzy  output  signals Xfuz based on the 

previous rule  base  which  are  represented by seven  

linguistic  variables  similar  to  input  fuzzy signals. The 

output fuzzy   signal Xfuz are then sent to the 

de-fuzzification interface. 

F. Defuzzification 

The maximum corrective action Xmax of state variables 

determines the  range of scale  mapping that transfers the 

output signal  into   the corresponding  universe  of  discourse  

at  every  iteration .  The maximum correction of these values 

can be calculated by, 
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where,  

 

F1 - Real or Reactive power balance equation at node with 

maximum real or reactive power mismatch of the system.  

X1 - voltage angle or magnitude at node 1. Finally the 

defuzzifier will transform fuzzy output signals Xfuz into 

crisp values X for every node of the network. The 

centroid-of-area (COA) defuzzification strategy is adapted 

and the state vector is updated using equation (4), 

                         

    

ΔXXX i1i 
      (5) 

where, „i‟ indicates the number of iterations. 

The proposed algorithm is illustrated in the form of flow 

chart shown in the Figure 4. 

 
Figure 4.  Flow Chart for the Proposed Fuzzy Index 

IV. SIMULATION PARAMETERS 

A. Simulation Parameters 

The proposed fuzzy index algorithm for voltage stability is 

developed in the Matlab/Simulink software environment to 

analysis with Sample 5-bus and IEEE-14 bus. The algorithm 

is verified for various load power factor and load conditions 

by line compensation for the accuracy of the proposed fuzzy 

index technique.  The simulation results also provided for 

Newton-Raphson method for comparison with the proposed 

algorithm for its feasibility.  

 

 

 

 

 

 

 

 

TABLE I.  VARIATION OF LINE VOLTAGE STABILITY USING 
FUZZY INDEX   WITH LOAD INCREMENTS FOR SAMPLE 5 BUS 

SYSTEM 

Line 

Details 
Load in Percent of Base Case 

No. 

Star

t 

ing 

Bus 

End 

ing 

Bus 

100 

% 

 

200 

% 

 

300 

% 

400 

% 

440 

% 

460 

% 

480 

% 

490 

% 

Max. 

Load 

493.35

% 

1 1 2 0.1233 0.1233 0.1233 0.1233 0.1233 0.1233 0.1233 0.1233 0.1233 

2 1 3 0.1579 0.2522 0.3797 0.5651 0.6709 0.7363 0.8195 0.879 0.9251 

3 2 3 0.0318 0.1231 0.2495 0.4418 0..5561 0.6298 0.7274 0.8012 0.8622 

4 2 4 0.0378 0.13 0.2569 0.4489 0.5628 0.6362 0.7338 0.8079 0.8696 

5 2 5 0.0596 0.1614 0.3024 0.5177 0.646 0.7284 0.8363 0.9143 0.9720 

6 3 4 0.0065 0.0072 0.0075 0.0074 0.0074 0.0075 0.0084 0.001 0.0132 

7 4 5 0.0422 0.0508 0.0637 0.0889 0.1102 0.1287 1646 0.2091 0.2766 

 

 
Figure 5.  and  Figure 6 Variation of bus voltage stability using fuzzy index 

with load increments of line 1-3 and line 4-7 of the sample 5 bus system. 

TABLE II.  VARIATION OF BUS VOLTAGE MAGNITUDE WITH 
LOAD INCREMENTS OF SAMPLE 5 BUS SYSTEM 

Load in Percent of Base Case Load 

Bus 

No. 

100 

% 

 

200 

% 

 

300 

% 

400 

% 

440 

% 

460 

% 

480 

% 

490 

% 

Max. 

Load 

493.35

% 

1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

2 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 1.06 

3 0.9879 0.9452 0.8907 0.814 0.7698 0.741 0.7011 0.6685 0.6383 

4 0.9850 0.9421 0.8876 0.8113 0.7672 0.7384 0.6984 0.6654 0.6654 



International Journal of Computer and Electrical Engineering, Vol. 2, No. 1, February, 2010 

1793-8163 

28 

 

5 0.9728 0.9265 0.8675 0.7833 0.7332 0.6945 0.6504 0.6069 0.5606 

 

 

Figure 7.  Variation of bus Voltage Magnitude with Load      Increments of 

bus 1-3 of the Sample 5 bus system 

 
Figure 8.  Variation of bus voltage magnitude with load increments of bus 4-5 

of the sample 5 bus system 

From Table I show the load variation of the system with 

uniform increment and clearly indicate that voltage collapse 

is to be occurred in the critical lines (2 and 5) of the IEEE 5 

bus system. Figure 5 & 6 show the same variation of the 

critical lines with maximum index 1.  

From Table II depicts the load variation with respect to 

magnitude and clearly implies as the load increases the 

voltage at all the load buses are decreased.   

Figure 7 and 8 shows the same variation of the magnitude 

of the buses. 

Table III indicates the series and shunt compensation of 

the 2 and 5 line of the bus system.  From the analysis as the 

compensation increases the stability is improved quit largely 

and prevent the voltage collapse as mentioned in Table II and 

Table III. 

TABLE III.  VARIATION OF LINE VOLTAGE STABILITY USING 
FUZZY INDEX FOR SERIES AND SHUNT COMPENSATION SYSTEM 

FOR SAMPLE 5 BUS SYSTEM 

% 

Compensati

on 

Series Compensation Shunt Compensation 

 

Line Voltage 

Stability 

index of  

Line 2 

 

Line Voltage 

Stability index 

of  

Line 5 

Line Voltage 

Stability index 

of  

Line 2 

Line Voltage 

Stability index 

of  

Line 5 

0 0.9156 0.9665 0.9156 0.9665 

10 0.7298 0.7324 0.6249 0.5844 

20 0.6337 0.6168 0.5786 0.5254 

30 0.5615 0.5335 0.5359 0.4693 

40 0.5039 0.4692 0.4962 0.4188 

50 0.4570 0.4179 0.4592 0.3722 

60 0.4182 0.3763 0.4243 0.3288 

 
Figure 9.  Variations of line voltage stability using fuzzy index for different 

values of series compensation of critical lines on a sample 5 bus system 

 
Figure 10.  Variation of line voltage stability using fuzzy index for different 

values of shunt compensation of critical lines on a sample 5 bus system 

TABLE IV.  VARIATION OF LINE VOLTAGE STABILITY USING 
FUZZY INDEX WITH LOAD INCREMENTS FOR IEEE 14 BUS SYSTEM 

Line Details Load in Percent of Base Case Load 

No. 
Starting 

Bus 

Ending 

Bus 

100 

% 

 

200 

% 

 

300 

% 

350 

% 

380 

% 

401 

% 

1 1 2 0.0359 0.0359 0.0359 0.0359 0.0359 0.0359 

2 2 3 0.0867 0.0867 0.0867 0.0867 0.0867 0.0867 

3 2 6 0.0332 0.1373 0.3225 0.4875 0.6517 0.9157 

4 1 8 0.0572 0.1558 0.3420 0.5144 0.6895 0.9722 

5 2 8 0.0209 0.1184 0.3036 0.4764 0.6536 0.9455 

6 3 6 0.0516 0.0494 0.2313 0.3964 0.5639 0.8427 

7 6 8 0.0121 0.0180 0.0175 0.0104 0.0019 0.0361 

8 8 4 0.0785 0.1682 0.3208 0.4467 0.5638 0.7430 

9 6 7 0.0830 0.0947 0.1251 0.1587 0.1979 0.2793 

10 7 5 0.0531 0.1382 0.2661 0.3639 0.4160 0.5821 

11 6 9 0.0821 0.0529 0.0258 0.0162 0.0170 0.0449 

12 7 9 0.0010 0.0435 0.1047 0.1524 0.1968 0.2652 

13 9 10 0.0070 0.0039 0.0069 0.0199 0.0353 0.0672 

14 4 11 0.0062 0.0808 0.1893 0.2719 0.3465 0.4578 

15 4 12 0.0185 0.0642 0.1200 0.1553 0.1822 0.2133 

16 4 13 0.0265 0.0928 0.1783 0.2357 0.2819 0.3399 
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17 9 14 0.0389 0.0637 0.0866 0.0944 0.0935 0.0711 

18 10 11 0.0091 0.0630 0.1460 0.2126 0.2753 0.3741 

19 12 13 0.0082 0.0282 0.0464 0.0773 0.0956 0.1211 

20 13 14 0.0214 0.1143 0.2646 0.3903 0.5106 0.6965 

 

 
Figure 11.  Variation of bus voltage stability using fuzzy index with load 

increments of line on IEEE 14 bus system 

 

Figure 12.  Variation of bus voltage stability using fuzzy index with load 

increments of line 15-17 of the IEEE 14 Bus system 

 
Figure 13.  Variation of bus voltage stability using fuzzy index with load 

increments of line 18-20 of the IEEE 14 bus system 

TABLE V.  VARIATION OF BUS VOLTAGE MAGNITUDE WITH 
LOAD INCREMENTS OF IEEE 14 BUS SYSTEM 

Bus 

No. 

Load in Percent of Base Load 

100 % 

 

200 % 

 

300 % 350 % 380 % 401 % 

1 1.06 1.06 1.06 1.06 1.06 1.06 

2 1.045 1.045 1.045 1.045 1.045 1.045 

3 1.01 1.01 1.01 1.01 1.01 1.01 

4 1.07 1.07 1.07 1.07 1.07 1.07 

5 1.09 1.09 1.09 1.09 1.09 1.09 

6 1.0314 0.9905 0.9238 0.8687 0.8156 0.7278 

7 1.0364 0.9977 0.9304 0.8723 0.8150 0.7175 

8 1.0669 1.0296 0.9726 0.9278 0.8862 0.8207 

9 1.0635 1.0119 0.9335 0.8743 0.8212 0.7412 

10 1.0635 1.0104 0.9361 0.8814 0.8330 0.7613 

11 1.0675 1.0366 0.9944 0.9640 0.9376 0.8995 

12 1.0622 1.0433 1.0209 1.0073 0.9970 0.9854 

13 1.0589 1.0317 0.9985 0.9771 0.9604 0.9398 

14 1.0502 0.9868 0.9022 0.8425 0.7916 0.7207 

 

Figure 14.  Variation of bus voltage magnitude with load increments of bus 2-5 

on a IEEE 14 Bus system 

 

 
Figure 15.  Variation of bus voltage magnitude with load increments of bus 6-8 

on a IEEE 14 Bus system 

TABLE VI.  VARIATION OF LINE VOLTAGE STABILITY USING 
FUZZY INDEX FOR SERIES AND SHUNT COMPENSATION SYSTEM 

ON A IEEE 14 BUS SYSTEM 

% 

Compens

ation 

Series  

Compensation 

Shunt  

Compensation 

 

Line 

Voltage 

Stability 

index of  

Line 3 

 

 

Line 

Voltage 

Stability 

index of  

Line 4 

 

 

Line 

Voltage 

Stability 

index of  

Line 5 

 

 

Line 

Voltage 

Stability 

index of  

Line 3 

Line 

Voltage 

Stability 

index of  

Line 4 

Line 

Voltage 

Stability 

index of  

Line 5 

0 0.9157 0.9722 0.9445 0.9157 0.9722 0.9445 

10 0.6071 0.6394 0.4595 0.5814 0.6194 0.5825 

20 0.4764 0.4976 0.4595 0.5261 0.5629 0.3254 
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30 0.3893 0.4037 0.3653 0.4788 0.5152 0.4773 

40 0.3263 0.3364 0.2980 0.4374 0.4740 0.4359 

50 0.2794 0.2868 0.2486 0.4004 0.4377 0.3994 

60 0.2451 0.2512 0.2132 0.3670 0.4052 0.3669 

 

Table IV implies the load variation of the system with 

uniform increment and clearly indicates that voltage collapse 

is to be occurred in the critical lines (3, 4 and 5) of the IEEE 

14 bus system.  

Figure 9,10,11,12 and 13 show the same variation of the 

critical lines with maximum index 1.  

Table V predicts the load variation with respect to 

magnitude and clearly implies as the load increases the 

voltage at all the load buses are decreased.   

Figure 14 and 15 shows the same variation of the 

magnitude of the buses. 

Table VI indicates the series and shunt compensation of 

the     (3, 4 and 5) line of the IEEE 14 bus system.  From the 

analysis as the compensation increases the stability is 

improved quit largely and prevent the voltage collapse as 

mentioned in table 8 and 9. Compensation can be done for 

IEEE 14 bus system in similar to IEEE 5 bus system. 

V. CONCLUSION 

This work presents the successful analysis on voltage 

stability using Fuzzy Based Index and performs  

satisfactorily  on  power  systems under all  possible 

conditions  such as  increased  load   and  line  compensation  

with  series  and  shunt  capacitances for both   in off-line and 

on- line simulation applications. The shortcomings of   

previous methods are overcome and consistent results are 

obtained. Though the number   of iterations is more in  fuzzy  

logic  load flow method, the proposed  algorithm  does  not  

require  the factorization, refactorization and   computation 

of jacobian  matrix  at  each  iteration which shows the  

validity of the proposed algorithm. This technique will be 

highly useful to ensure voltage security of power system by 

predicting the nearness of voltage collapse with respect to the 

existing load condition and help us in determining the 

maximum load ability of the given system without causing 

voltage instability. For the feasibility of the analysis the 

comparison of Newton-Raphson method and proposed 

technique as given in Table VII, Table VIII and Table IX. 

APPENDIX 

TABLE VII.  COMPARISON OF CONVENTIONAL AND FUZZY 
LOAD FLOW IN VOLTAGE   STABILITY INDEX FOR SAMPLE 5 BUS 

SYSTEM 

 
Bus No. 

Voltage Magnitude 

 

Base Case Load 

 

Critical case load 

Conventional Fuzzified Conventional Fuzzified 

1 0.0359 0.0359 0.0359 0.0359 

2 0.0867 0.0867 0.0867 0.0867 

3 0.0338 0.0432 0.9157 0.9160 

4 0.0572 0.0638 0.9722 0.8915 

5 0.0209 0.0275 0.9455 0.9452 

6 0.0516 0.0420 0.8427 0.8430 

7 0.0121 0.0154 0.0361 0.0361 

 

 

 

TABLE VIII.  COMPARISON OF CONVENTIONAL AND FUZZY 
LOAD FLOW IN VOLTAGE MAGNITUDE SAMPLE 5 BUS SYSTEM 

 
Bus No. 

Voltage Magnitude 

Base Case Load Critical case load 

Conventional Fuzzified Conventional Fuzzified 

1 1.0 1.0 1.0 1.0 

2 1.06 1.04 1.06 1.06 

3 0.979 0.963 0.6383 0.6231 

4 0.9850 0.972 0.6343 0.6321 

5 0.9728 0.964 0.5606 0.5601 

TABLE IX.  COMPARISON OF CONVENTIONAL AND FUZZY 
LOAD FLOW IN VOLTAGE MAGNITUDE FOR IEEE 14 BUS SYSTEM 

 
Bus No. 

Voltage Magnitude 

Base Case Load Critical case load 

Conventional Fuzzified Conventional Fuzzified 

1 1.0600 1.0600 1.0600 1.0600 

2 1.0450 1.0450 1.0450 1.0450 

3 1.0100 1.0100 1.0100 1.0100 

4 1.0700 1.0700 1.0700 1.0700 

5 1.0900 1.0900 1.0900 1.0900 

6 1.3140 1.0273 0.7278 0.7279 

7 1.0364 1.0549 0.7175 0.7178 

8 1.0669 1.0337 0.8207 0.8204 

9 1.0635 1.0485 0.7412 0.7415 

10 1.0635 1.4510 0.7613 0.7618 

11 1.0675 1.0539 0.8995 0.8998 

12 1.0622 1.0546 0.9854 0.9855 

13 1.0589 1.4940 0.9398 0.9398 

14 1.0502 1.3100 0.7207 0.7207 

ACKNOWLEDGMENT 

The authors gratefully acknowledge the Management of 

National Power Training Institute, Neyveli and the 

Management of Pondicherry Engineering College, 

Pondicherry, INDIA for their continued support, 

encouragement and the facilities provided to carry out this 

research work. 

REFERENCES 

[1] Carson W. Taylor, Power Voltage Stability, McGraw – Hill Inc, 1993.  

[2] I.J. Nagrath and D.P. Kotharai, Power System Engineering, Tata 

McGraw Hill, 1994. 

[3] M. Tripathy and S. Mishra, “Bacteria foraging-based solution to optimize 

both real   power loss and voltage stability limit,” IEEE Trans. Power 

Systems, vol. 22, no.1, Feb. 2007, pp. 240-248. 

[4] Carolina M. Affonso, Luiz C. P. da Silva, Flavio G. M. Lima, and 

Secundino Soares, “MW and   MVAR management on supply and 



International Journal of Computer and Electrical Engineering, Vol. 2, No. 1, February, 2010 

1793-8163 

31 

 

 

demand side for meeting voltage stability margin criteria,” IEEE Trans. 

Power Systems, vol. 19, no. 3, Aug. 2004, pp. 1538-1545. 

[5] Wei Yan, Juan Yu, David C. Yu, and Kalu Bhattarai, “A new reactive 

power flow model in rectangular form and its solution by predictor 

corrector primal dual interior point method,” IEEE Trans.  Power 

Systems, vol. 21, no. 1, Feb. 2006, pp. 61-67.  

[6] Saikat Chakrabarti and Benjamin Jeyasurya, “An enhanced radial basis  

function network for voltage stability monitoring considering multiple 

contingencies,” Electric Power System Research, vol. 77, no. 7, 2007, pp. 

780-787. 

[7] Ivan Smon, Gregor Verbic, and Ferdinand Gubina, “Local voltage-    

stability index using Tellegen‟s theorem,” IEEE Trans. Power Systems, 

vol. 21, no. 3, Aug. 2006, pp. 1267-1275.  

[8] T. Esaka, Y. Kataoka, and T. Ohtaka, “Voltage stability preventive 

control using a new voltage stability index,” in Proc. 2004 Power system 

Technology Conf., pp. 344-349.  

[9] Costas Vournas and Michael Karystianos, “Load tap changers in 

Emergency and Preventive voltage stability control,” IEEE Trans. Power 

Systems, vol. 19,  no. 1, Feb. 2004, pp. 492-498.  

[10] Luis A. Ll. Zarate, Carlos A. Castro, Jose Luis Martinez Ramos, and 

Esther Romero Ramos, “Fast computation of voltage stability security 

margins using non-linear programming techniques,” IEEE Trans. Power 

Systems,  vol. 21, no. 1,  Feb. 2006 pp. 19-27.  

[11] Antonio J. Conejo, Federico Milano, and Raquel Garcia-Bertrand, 

“Congestion management ensuring voltage stability,” IEEE Trans.  

Power Systems, vol. 21, no. 1, Feb.2006, pp. 357-364.  

[12] Yasushi Koyama, Tetsuo Sasaki, Satoru Ihara, and Elizabeth R. Pratico, 

“Voltage Collapse Scenario Search,” in Proc. 2002 IEEE Power System 

Technology Conf., pp. 344–348.  

[13] S. C. Choube, L. D. Arya, and N. Datar, “Voltage Collapse Prediction 

Based on Line Voltage Stability Index,” IE (India) Journal of Institution 

of Engineers, vol. 82, Sep. 2001, pp. 107-112.    

[14] M. Suzuki, S. Wada, M. Sato, T. Asano, and Y. Kudo, “Newly developed 

voltage security monitoring system,” IEEE Trans. Power Systems, vol. 7, 

no. 3, Aug. 1992, pp. 965-972,.   

[15] Arthit Sode-Yome, Nadarajah Mithulananthan, and Kwang Y. Lee, “ A 

maximum  loading margin method for static voltage stability in power 

systems,” IEEE Trans. Power Systems, vol. 21, no. 2, May 2006, pp. 

965-972,.   

[16] Arthit Sode-Yome, Nadarajah Mithulananthan, and Kwang Y. Lee,        

“Economic generation direction for power system static voltage stability, 

" in  Proc. 2006 IEEE Power Engineering Society General Meeting, vol. 

8, no. 22, pp. 1-7.  

[17] M. Moghavvemi, M.O.Faruque, “Power System Security and voltage 

Collapse: a line based indicator for prediction”, Electrical Power and 

Energy Systems, vol. 21, 1991, pp. 455-461. 

[18] S.C. Choube, L.D. Arya, N.Datar, “Voltage Collapse Prediction Based on 

Line Voltage Stability Index”, Institution of Engineers (India) Journal – 

Electrical,, September 2001, pp.107-112. 

[19] V.A. Venikov, V.A.Stroev, V I Delchick and V I Tarsov, “ Estimation of 

Electrical  Power System Steady State Stability in Load Flow 

Calculations”  IEEE Transactions on PAS , vol .94, pp.1034, 1975. 

[20] Vlachoginnis, J.G., “Fuzzy logic application in load flow studies” IEE 

Proceedings Generation Transmission Distribution, vol.148, no.1, 

pp.34-39, 2001. 

[21] Lo, K.L., Lin, Y.J., and Siew, W.H. “Fuzzy logic method for adjustment 

of variable parameters in load – flow calculation” IEE Proceedings 

Generation Transmission Distribution, vol.146, no.3, , 1999, 

pp.276-282.  

 
S.Senthilkumar received the Bachelor‟s and Master‟s in Electrical 

Engineering from the Madras University and Annamalai University, India in 

1997, and 2003 respectively.  Currently he is with the National Power Training 

Institute, Neyveli, India where he is the Assistant Director in the training 

institute. Earlier  he was faculty in the Department of Electrical and 

Electronics Engineering, Sri Manakula Vinayagar Engineering College, 

Pondicherry University, Pondicherry, India during 2003-2008.His special 

fields of interests include research interests include application of optimization 

techniques in deregulated power system environment. His current interest 

focuses on power quality issues. 

P.Ajay-D-Vimal Raj received the M.E. degree from Faculty of  Engineering, 

Annamalai University, Tamil Nadu, India, in  1999, and the Ph.D. degree 

from Pondicherry Engineering  College, Pondicherry University, Pondicherry, 

India in 2008. Currently he is faculty in the Department of Electrical and 

Electronics Engineering, Pondicherry Engineering College, Pondicherry 

University, Pondicherry, India. Earlier he was faculty in the Department of 

Electrical and Electronics  Engineering, Sri Manakula Vinayagar 

Engineering College,  Pondicherry University, Pondicherry, India during 

Feb.2001-June  2007.He also worked as lecturer in Madras University and 

Deemed  University affiliated engineering colleges.  

 Dr. Raj is a life member of the Institution of Engineers (India), life      

member of Indian Society of Technical Education (India), life member of 

Society of Power Engineers (India). He has  published more than 40 papers in 

national/international journals and conference proceedings. His research 

interests include power system control in renewable energy systems and 

conventional power systems, power system optimization, analysis of power 

quality issues, and application of artificial intelligence techniques in power 

systems. 

 


