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ABSTRACT 
The importance of preventing the voltage collapse is 

gaining importance due to increase in dependency on 

the use of electricity. This has compelled the utilities to 

maintain high system reliability. The evaluation of a 

power systems ability to withstand dangerous 

contingencies and to survive to a normal or acceptable 

operating point is a prerequisite for security analysis. 

Fast and accurate security assessment, has become a 

key issue to ensure secure operation of power system. 

Steady-state security assessment enables the operating 

personnel to know which system disturbances or 

contingencies may cause limit violations and force the 

system to enter into emergency state. Line outages 

often cause blackouts due to voltage collapse.  Voltage 

Stability Margin of the system on occurrence of 

specific contingency gives good information about the 

severity of the contingency of the system. This paper 

presents fuzzy approach to voltage collapse based 

contingency ranking. It uses L index as Voltage 

Collapse Proximity Indicator. This indicator is used as 

post contingent quantity in addition to bus voltage 

profiles to evaluate contingency ranking. The 

proposed approach is tested under simulated 

condition on IEEE-30 bus system. 
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I. INTRODUCTION 
A power system is said to be operating in secure state, if 

the system remains in a reliable, normal operating state 

for every contingency case under consideration. Due to 

time limitation in real-time situations, those contingency 

cases which are potentially harmful to the system must be 

picked out and detailed analysis is carried out only for 

these cases.  This process of ranking the contingencies 

according to their severities is referred to as contingency 

ranking. In the past, contingency rankings were carried 

out using the algorithms based on line loadings and bus 

voltages [1]-[3].  As the recent power systems are 

experiencing the threat of voltage instability, the 

contingencies are required to be ranked incorporating this 

phenomenon.  A method based on curve fitting approach 

is proposed and is compared with continuation power 

flow method, multiple load flow method and test function 

method [4].  A new partitioning technique based on 

tangent vector to the bifurcation manifold is proposed. A 

tangent vector clustering technique is used for the 

identification of the critical area with respect to the 

collapse point at any loading condition. It is used for the 

computation of new voltage stability index, which speeds  

 

up the computation of the collapse point [5]. The second 

order information derived from the Singular Value 

Decomposition analysis of the load flow Jacobian matrix 

is used to obtain the contingency ranking [6]. The 

implementation of both Point of Collapse method and 

Continuation method for the computation of voltage 

collapse point (saddle-node bifurcations) and its 

application to detection and solution of voltage stability 

problem is demonstrated [7].  Fuzzy set theory is a very 

powerful tool to model uncertainty and to incorporate 

human experience and heuristics [8]-[13]. A fuzzy set 

based reasoning approach for contingency ranking is 

developed using line flows and bus voltage deviations as 

post contingency quantities to achieve desired 

contingency list [14]. 

Line outage often causes blackouts due to voltage 

collapse.  This signifies that reduction in loadability 

margin under each line outage condition should be given 

due attention in the ranking process. Voltage Stability 

margin of the system on occurrence of specific 

contingency gives good information about the severity of 

the contingency of the system.  Though, the system pre-

contingency operating point may be away from the 

voltage collapse point, contingency will push the system 

close to proximity to voltage collapse point.  Hence, 

computation of voltage stability margin at this operating 

point serves as a good indicator of criticality of 

contingency.  The changes in voltage stability margin are 

computed using static voltage collapse proximity 

indicator.  This paper uses L index as Voltage Collapse 

Proximity Indicator to rank line outage contingencies.  

Fuzzy approach is used to combine the effect of voltage 

collapse proximity indicator and bus voltages to 

effectively rank the line outage contingencies.  The bus 

voltage profiles and L index are expressed in fuzzy set 

notation before they are processed by the fuzzy reasoning 

rules. The severity indices are also divided into different 

categories based on extensive off-line analysis. The fuzzy 

rules are used to evaluate the severity of each post 

contingent quantity. The severity of a contingency is 

determined by evaluating composite index, which is the 

summation of severity index of L index and severity of 

bus voltage profiles.  The Fuzzy inference structure FIS is 

tested in MATLAB 7 Fuzzy Toolbox. The proposed 

approach is tested under simulated condition on IEEE-30 

bus system. 

 

II. L INDEX 
L - Index is widely used Voltage Collapse Proximity 

Indicator for various studies. Among the various indices 

for voltage-stability and voltage collapse prediction, the L 
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index gives fairly consistent results. This is an accurate 

indicator and is easily computed [15]. 

 

A. Mathematical Formulation 

Consider a system where n is the total number of buses, 

with 1, 2, ......g generator buses, and g+1, g+2… g+s SVC 

buses, g+s+1,….n, the  remaining (n-g-s) buses. For a 

given system operating condition, using the load-flow 

results, the voltage-stability L - index is computed as, 

 

𝐿𝑗 =   𝐹𝑗𝑖
𝑉𝑖

𝑉𝑗

𝑔
𝑖=1                (1) 

 

Where j = g +1,....,n and all the terms within the sigma on 

the right hand side are complex quantities. The values of  

Fji are complex and are obtained from the network Y-bus 

matrix. For a given operating condition, 

 

 
𝐼𝐺
𝐼𝐿

 =  
𝑌𝐺𝐺 𝑌𝐺𝐿

𝑌𝐿𝐺 𝑌𝐿𝐿
  

𝑉𝐺

𝑉𝐿
           (2) 

 

Where IG, IL, VG, and VL represent complex current, 

voltage vectors at the generator nodes and load nodes. 

[YGG], [YGL], [YLL] and [YLG] are corresponding 

partitioned portions of the network Y-bus matrix. 

 

Rearranging, we obtain 

 
𝑉𝐿

𝐼𝐺
 =  

𝑍𝐿𝐿 𝐹𝐿𝐺

𝐾𝐺𝐿 𝑌𝐺𝐺
  

𝐼𝐿
𝑉𝐺

              (3) 

 

Where,     𝐹𝐿𝐺 = − 𝑍𝐿𝐿 
−1 𝑌𝐿𝐺           (4) 

 

For stability, the index L j must not be violated 

(maximum limit = 1) for any node j. Hence, the global 

indicator L describing the stability of the complete 

subsystem is given by L= maximum of L j, for all j load 

buses. An L index value away from 1 and close to 0 

indicates improved system security. For an unloaded 

system with generator/load buses voltage at 1.0∟0 p.u. 

the L indices for load buses are closest to zero, indicating 

that the system has maximum stability margin. For a 

given network, as the load/generation increases, the 

voltage magnitude and angles change near maximum 

power-transfer condition and the voltage-stability index L 

j values for load buses tend to close to unity, indicating 

that the system is close to voltage collapse. While the 

different methods give a general picture of the proximity 

of the system voltage collapse, the L index gives a scalar 

number to each load bus. The L indices for given load 

condition are computed for all the load buses. The 

maximum of the L-indices gives the proximity of the 

system to voltage collapse. 

 

III. FUZZY APPROACH TO CONTINGENCY 

RANKING 
Fuzzy logic provides an excellent framework to 

effectively model uncertainty in human reasoning with 

the use of linguistic variables with membership function. 

The use of fuzzy logic is increasing in the power systems 

problems, as it is an intelligent processing. Many 

promising applications have been reported in the broad 

fields of system control, optimization, diagnosis, 

information processing, decision support, system analysis 

and planning. In modern power systems, voltage alone 

cannot be used for assessing voltage security. Due to 

increased use of compensating devices which raise 

voltage to normal levels even when adequate reactive 

support is lacking, voltage becomes a poor indicator of 

security. The fuzzy approach uses L index as post 

contingent quantity in addition to bus voltage profiles to 

evaluate contingency ranking. The bus voltage profiles 

and L index are expressed in fuzzy set notation before 

they are processed by the fuzzy reasoning rules. The 

severity indices are also divided into different categories 

based on extensive off-line analysis. The fuzzy rules are 

used to evaluate the severity of each post contingent 

quantity. The severity of a contingency is determined by 

evaluating composite index, which is the summation of 

severity index of L index and severity of bus voltage 

profiles.  The Fuzzy inference structure FIS is tested in 

MATLAB 7 Fuzzy Toolbox.  

A. Bus Voltage Profiles 

The post contingent bus voltage profiles are divided into 

three categories using fuzzy set notations: low voltage 

(LV), below 0.95 p.u.; normal voltage (NV), 0.95-1.05 

p.u.; and over voltage (OV), above 1.05 p.u. The 

boundaries of these categories are fuzzified based on 

extensive off-line analysis performed for various load 

conditions.  Trapezoidal membership function is used for 

describing bus voltage profile shown in Fig. 1.  

 

 

Fig. 1 Membership function for 3 linguistic variables of bus voltage 
profiles 

B. L index 

The post contingent L index are divided into five 

categories using fuzzy set notation; very small (VS), 0-

0.18; small (S), 0.24-0.36; medium (M), 0.42-0.56; high 

(H), 0.62-0.76; very high (VH) 0.82-1.0. Each category 

represents a severity class of the L index. The boundaries 

of these categories are fuzzified based on extensive off-

line analysis.  Fig. 2 shows the membership function of L 

index. 

 

 

Fig. 2 Membership function for 5 linguistic variables of L index 
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The fuzzy rules used for evaluation of severity index of 

bus voltage profiles and L index are given in the 

following Table 1. Centre of area or gravity method is 

used for defuzzification. 

 
Table 1: Fuzzy Rules 

 

 
Note: VLS- very less severe; LS- less severe; 

BS- below severe; AS – above severe; MS – more severe. 

 

C. Severity Index of Post Contingent Quantities 

The output membership functions used to evaluate the 

severity of bus voltage profile are also divided into three 

categories using fuzzy set notation. As the linguistic 

variables are imprecise, each linguistic variable covers a 

range rather than a single severity index. The boundaries 

of these categories are fuzzified based on extensive off-

line analysis. Trapezoidal membership function is used 

for describing a linguistic variable.  

 

 

Fig. 3 Membership function for severity index of bus voltage profile 

The output membership functions used to evaluate the 

severity of L index are divided into five categories using 

fuzzy set notation. Trapezoidal membership function is 

used for describing a linguistic variable.  

 

Fig. 4 Membership function for severity index of L index 

The overall severity index (composite index) for a 

particular line outage is given by CI =  SIL  +  Σ SIVP ; 

Where, SIL is the severity index of  L index for a 

particular line outage and  ΣSIVP is the sum of severity 

index of all bus voltage profiles for a particular line 

outage. Thus, the overall severity index indicates the 

actual severity of the system for a contingency.  

 

 

 

 

IV. METHODOLOGY 
The major steps involved in this approach for 

contingency ranking is as follows 

 

a) For the given system, considering a line outage at a 

time, load flow study is performed to determine bus 

voltage profiles. 

b) L index is computed using (1) and is used as post 

contingent quantity.  

c) Assuming trapezoidal membership function, the bus 

voltage profiles and L index are represented in fuzzy 

set notation. 

d) Severity index of L index and bus voltage profiles 

are also represented in fuzzy set notation. 

e) Using Fuzzy-If-Then rules overall severity index for 

bus voltage profiles and L index is determined. The 

Fuzzy Inference System is tested in MATLAB 7 

Fuzzy Toolbox.  

f) Composite index  is found using the formula CI = SIL  

+  Σ SIVP 

g) The above procedure is repeated for all the line 

outages and the contingencies are ranked based on 

composite index. 

 

V. TEST RESULTS 
The proposed approach is tested under simulated 

condition on IEEE-30 bus system. A.C  load flow is 

carried out to select the heavily loaded lines based on 

Voltage Collapse Proximity Indicator. The IEEE-30 bus 

system consists of 6 generators, 2 shunt capacitors and 41 

transmission lines. Contingency screening is carried out 

to identify all the heavily loaded lines. On contingency 

screening total 13 transmission line outages are 

considered for ranking. The line outages considered for 

ranking are listed in Table 2. 

 

Table 2   List of Line Outage Contingencies in IEEE 30 bus 

system 

Conting

ency no. 

Type of 

contingency 
From bus To bus 

1 SLO 1 2 

2 SLO 1 3 

3 SLO 3 4 

4 SLO 2 6 

5 SLO 4 6 

6 DLO 
1 3 

2 4 

7 DLO 
2 4 

2 5 

8 DLO 
2 4 

3 4 

9 DLO 
3 4 

2 5 

10 DLO 
2 5 

2 6 

11 DLO 
2 6 

4 6 

12 DLO 
4 6 

5 7 

13 DLO 
4 6 

6 7 

 

 

Post contingent quantity Severity index 

 L index: VS  S  M  H  VH VLS  LS  BS  AS  MS 

Voltage : LV  NV  OV  MS  BS  AS 
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Simulations were carried out to compute L index and bus 

voltage profiles for all the contingencies listed in the 

Table 2. Table 3 and 4 shows the ranking using Fuzzy 

approach for 100% and 140% load. Fuzzy approach 

effectively ranks contingencies under different load 

conditions.  Table 5 shows the ranking based on L index 

and Minimum Singular Value of load flow Jacobian 

matrix [16] using Fuzzy approach.  

 
Table 3  Contingency Ranking Based on L index using Fuzzy Approach: 

100 % load 

Line 

outages 
SIV(SUM) SIL CI Rank 

1-2 189.08 31.90 220.98 1 

1-3 188.88 14.63 203.51 7 

3-4 189.32 11.70 201.02 9 

2-6 190.55 6.21 196.76 13 

4-6 190.58 9.60 200.18 11 

1-3,2-4 184.14 21.10 205.24 5 

2-4,2-5 186.45 20.30 206.75 4 

2-4,3-4 184.94 20.20 205.14 6 

3-4,2-5 185.73 22.40 208.13 3 

2-5,2-6 185.06 23.90 208.96 2 

2-6,4-6 183.71 19.40 203.11 8 

4-6,5-7 191.01 19.90 200.91 10 

4-6,6-7 186.45 12.90 199.35 12 
 

 

Table 4  Contingency Ranking Based on L index using 
Fuzzy Approach: 140 % load 

 
Line 

outages 

 

SIV(SUM) SIL CI Rank 

1-2 486.88 44.30 513.18 1 

1-3 173.32 32.80 206.12 8 

3-4 173.67 30.60 204.27 9 

2-6 173.67 21.40 195.07 13 

4-6 174.62 23.30 197.92 11 

1-3,2-4 463.56 41.30 504.86 5 

2-4,2-5 470.65 39.30 509.95 4 

2-4,3-4 453.84 41.30 495.14 6 

3-4,2-5 485.48 42.20 527.6 2 

2-5,2-6 481.77 41.30 523.07 3 

2-6,4-6 171.68 41.20 212.88 7 

4-6,5-7 174.62 23.40 198.02 10 

4-6,6-7 175.19 21.30 196.49 12 

 

Table 5 Comparison of Contingency Ranking using Fuzzy 

Approach based on L index and MSV 

 

Line 

outages 

100% load 140% load 

L Index MSV L Index MSV 

1-2 1 1 1 1 

1-3 7 7 8 7 

3-4 9 9 9 9 

2-6 13 10 13 13 

4-6 11 12 11 12 

1-3,2-4 5 5 5 5 

2-4,2-5 4 4 4 4 

2-4,3-4 6 6 6 6 

3-4,2-5 3 2 2 2 

2-5,2-6 2 3 3 3 

2-6,4-6 8 8 7 8 

4-6,5-7 10 11 10 10 

4-6,6-7 12 13 12 11 

 

From the above results, it can be observed that the 

contingency ranking obtained using L index and MSV is 

in close agreement with each other. The proposed fuzzy 

based composite index is accurate in ranking the 

contingencies. The contingencies ranked using this index 

provides very useful information about the impact of the 

contingency on the system as a whole and helps in taking 

necessary control measures to reduce the severity of the 

contingency avoiding possible voltage collapse. The 

fuzzy approach is very effective in modelling imprecision 

and uncertainty in power system. Thus, fuzzy reasoning 

mimic’s experienced human operator judgement.  Fuzzy 

approach for contingency ranking will serve as a 

powerful tool for power system operator to foresee the 

possible occurrence of voltage collapse and initiate 

appropriate action.   

VI. CONCLUSIONS 
Fuzzy approach is used for combining the effect of L 

index with bus voltage profiles for ranking the 

contingencies.  Fuzzy approach effectively ranks 

contingencies under different load conditions. The Fuzzy 

approach is flexible in incorporating human experience 

and heuristics. It includes the imprecision of linguistic 

terms associated with voltages and L index translates 

them into numerical values, which offers more flexibility, 

better insight into reality than conventional methods. 

Through proper tuning of membership functions in fuzzy 

representation, the approach can mimic experienced 

operators’ performance in conducting contingency 

ranking.  
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