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Abstract 

In modern power systems voltage instability is a serious 

issue with rapid voltage droop due to stressed system with 

increased loading. Voltage collapse can be predicted and 

voltage stability of power system can be maintained by 

many techniques. Voltage stability index (VSI)is one such 

technique used for solving voltage stability issues. In this 

paper, a new index is proposed and comparison of this new 

index performance with the other indices is discussed. The 

effectiveness of the proposed method is demonstrated 

through numerical studies on Practical 72 bus system of 

Southern grid in India, using several scenarios of increase 

in load. The process known as continuation load flow is 

used.The proposed voltage stability index considers the 

nose point voltage and the present bus voltage level and the 

difference of the two at the point where the jacobian matrix 

becomes a singular matrix for the equal load conditions. In 

case of contingencies, chances of system voltage collapse 

are high. All these cases are analyzed in the paper. 

Key Words: - voltage stability, voltage stability 

index, critical point. 

 

I.INTRODUCTION 

For power system planning and operation, one of 

the major issue is concerning the problems related to 

voltage instability. Ability of power system to 

maintain acceptable voltages at all the buses after 

they are subjected to disturbance is voltage stability 

[1], [5] and [9]. 

Voltage stability is given utmost importance in 

the last few decades due to the occurrence of 

blackouts in developed countries like Sweden, USA, 

Japan, Belgium, France [2],[3].Whenever there is 

uncontrollable and progressive decline in the voltage 

level due disturbances, it causes voltage instability.  

When the systems operate very close to their 

limits, when electrical energy systems become very 

complex, highly loaded, along with environmental 

and economic complications, the voltage instability 

becomes serious issue. 

Though voltage instability is localized, but its 

impact is serious in nature. Basically the voltage 

instability is studied by dynamic and static analysis. 

The steady state methods like power flow models and 

linearized dynamic models are used for static 

analysis. While OLTC transformers, SVC, generator 

dynamics which use mathematical modeling 

characterized by non linear and algebraic equations 

are used for dynamic analysis. Simulations can be 

carried out to study the voltage instability. [4] Both 

the static and dynamic analysis are used in this paper 

for voltage instability analysis. [1] 

The precise information of the proximity of 

voltage stability limitie.nosepoint to the operating 

point of the system is very important from the 

operator‟s point of view.Hence in most the stability 

studies, the indices of voltage stability are important. 

These indices give valuable information about the 

closeness of the system towards voltage instability. In 
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this paper, a voltage stability index is proposed and is 

compared with existing methods through the results 

obtained from simulating on practical 72 bus system 

of southern grid in India. 

II. VOLTAGE STABILITY INDICES 

Voltage stability indices are needed to know the 

voltage stability status in power systems, to know the 

critical bus in interconnected networks of power 

systems. The various indices used to check the 

stability of system are described in this section 

briefly. 

1) L-index: Kessel et al. [5] developed a voltage 

stability index considering the solution of the power 

flow equations. The L index is a quantitative measure 

for the estimation of the distance of the actual state of 

the system to the stability limit. The L index 

describes the stability of the complete system and is 

given by: 

        

Where Fji is matrix giving relationship between 

generator and load bus voltage. Lj is a local indicator 

that identifies the buses where collapse may occur. 

The L index varies in the range between 0 (no load) 

and 1 (voltage collapse). For a given operating 

condition, using the load-flow results, the voltage-

stability L index is computed. 

2) Modal analysis: This method was proposed 

by GAO Et Al. [6] which calculates the lowest eigen 

value and the eigen vectors of reduced Jacobian 

matrix of the power system by using the steady state 

model of the system. Eigen values calculated 

correspond to the modes of voltage and the variations 

in reactive power. 

a. If all the eigen values are positive, then the 

system is voltage stable. 

b. If even one of the eigen values is zero or 

negative, then the system is voltage unstable. 

c. If the eigen value of the reduced Jacobian 

matrix is zero, then the system in on the verge of 

voltage instability. 

By calculating the minimum positive eigen 

values, we can predict the potential voltage collapse 

of a stable system. The magnitude of the minimum 

eigen value also provides a means to know how close 

the system is for voltage collapse. 

By using the bus participation factor, the weakest 

bus can be determined, which is the greatest 

contributing factor for a system to reach voltage 

collapse situation. The reduced jacobian matrix is as 

given below 

Δ Q = JRΔ V        

                     JR= [J4 - J3J1-1J2]                      (2) 

Δ V= JR-1Δ Q 

Bus participation factors: 

                       JR= 
ξ Λ η

 

                       (3) 

Where 

 JR = Reduced Jacobian matrix 

 K = bus number 

i = Eigen value number 

ξ
= right Eigen vector matrix of JR 

Λ = diagonal Eigen value matrix of JR 
η

 = left Eigen vector matrix of JR  

The most vulnerable bus K is that for which Pki 

is maximum. 

3) The Proposed Method: In the proposed 

method, the indicator for solving the voltage stability 

problem is the voltage margin. Voltage margin acts as 

a measure for knowing how close the system is for 

voltage collapse. Voltage margin of a bus in a system 

is found by using the equivalent system 

representation at that particular bus. 

 

 

 

 

 

Fig.1: Equivalent system at Bus K 

The system external to bus R supplying a load of 

PR+jQR is represented by an infinite bus of voltage 

ES δS connected to bus R of voltage ER through an 

equivalent reactance X as shown in Fig.1. 

From the equivalent system, 

Where  

Voltage Margin = ER - VL 

Where VL is voltage at bus R at nose point 

           ER is the present bus voltage  
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4) P-V and Q-V curves: The P-V curves are the 

commonly used graphs for predicting voltage 

security. They are used to determine the loading 

margin of a power system. The load of the power 

system is increased gradually and the power flows 

must be recomputed at each increment of the load till 

the nose of the PV curve is reached. 

    
Fig.2: PV curve of a load bus in the power system 

With Q-V curve, it is possible for the operators, to 

know is the conditional reactive power that can be 

supplied by the weakest bus before reaching 

minimum voltage limit. The reactive power margin is 

the MVAR distance from the operating point to the 

bottom of the Q-V curve. The Q-V curve can be used 

as an index for voltage instability. The point where 

dQ/dV is zero is the point of voltage stability limit 

[3]. 

 
Fig.3: QV curve of a load bus in the power system   

III. TEST RESULTS AND DISCUSSION 

The voltage stability analysis is performed on the 

proposed method is implemented on a real-life 

system of 72-bus equivalent Regional–power-grid 

system of three interconnected utility systems (three 

zones) with total power capacity (Generated) of 

Southern Grid is 26570 MW. The single line diagram 

is having 72 buses. This is the combination of three 

states namely Andhra Pradesh, Karnataka and 

Tamilnadu which is generally called as southern grid. 

This system has 15 generator buses, 57 load buses. 

This system is simulated by using Newton Raphson 

method..

 

Fig.4: Single line diagram of Practical 72 bus system 

a) Continuation load flow method: 

After simulating the Practical 72 bus system of 

Southern grid in India, load flow is conducted for the 

base case to obtain the bus voltages. By observing 

Bus voltages the weakest bus is identified as Bus 28. 

Eigen value-index and voltage margin methods are 

used to confirm the most vulnerable bus which 

initiates for voltage collapse of the system. The nose 

point of the system can be determined by 

continuation load flow method.[8] 

From analysis, L-index for bus28 is the highest 

and the participation factor for the lowest Eigen value 

is highest for bus28. This confirms that bus28 is the 

critical bus. 

 
Fig.5: PV curve of load bus28 in Practical 72 

bus system 
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The voltage stability margin can be calculated 

with P-V curve. This shows the bus voltage levels as 

the loading factor „k‟ increases. Considering the base 

case, the loading factor is kept 1 and it is increased 

for all the load buses and generator buses till the 

maximum value of loading point is obtained. The 

power factor of each load must be kept constant. The 

voltages at the various buses will decrease when the 

power system load is slowly increased. 

b) Comparison of three methods with results: 

Table.1: stability indices are computed at bus28 

 

 

 

 

 

 

 

 

 

 

The table 1 shows that Values of L-index, Eigen values and Voltage margin of the Practical 72 bus system 

of Southern grid in India at the weak bus28 by increasing the loading factor „k‟. It is clear that critical voltage, 

Eigen values, Voltage margins gradually decrease and the L-index increases up to nose point. 

 
Fig.6: Stability indicator L and its relation to the critical voltage 

Figure: 6 shows that bus 28 exhibits the highest Lj index, which indicates that it is the most vulnerable bus 

in the system. The L-index and the voltage at bus 28 (critical bus) are plotted as a function of loading factor. 

 
Fig.7: Bus participation factors in the least stable mode for critical operating case. 

At the critical operating point, the smallest Eigen value is 2.0987. This value is considered the least stable 

mode for the critical operating point and is used to determine the bus participation factors. Figure shows the bus 

participation factors calculated by using equation (3) for the least stable mode for the critical operating point. 

The critical bus of this system is bus 28 because this bus has the highest participation factor. 

c) Reactive Power Compensation to improve stability margin: 

Adding shunt capacitor at the vulnerable bus will improve the voltage margin. 

S.NO Loading 

factor K 

Voltage 

V(pu) 

Power 

PL(MW) 

Eigen 

values 

L-

index 

Voltage 

margin 

1 1 0.9684  446.38 3.7419 0.325 0.5639 

2 1.1 0.9265  491.018 3.5516 0.536 0.5548 

3 1.3 0.8701  580.294 3.0150 0.7905 0.4973 

4 1.5 0.7860  669.570 2.0987 0.8907 0.3906 
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The MVAR value of Shunt capacitor can be 

obtained by definition given below:    

 

 
Fig.8: Improvement of stability margin 

d) Sensitivity Index: 

Fig.9. shows the “Sensitivity of Voltage margin to 

Reactive power injection”.  

     Sensitivity Index   (12) 

Where ΔVM = Increase in Voltage margin 

 ΔQ = Change in reactive power injection 

 
Fig.9: Voltage sensitivity curve 

When the voltage reaches to collapse point, the 

sensitivity is more at that point.  

e) Contingency case: 

Table.3: Continuation load flow at contingency case 

at Gen Bus 6 and line 69-63 

 
Fig.10: PV curves with & without Contingency 

Fig.10. shows two cases where the system 

remains stable and unstable after it suffers a 

contingency of generation trip out and a line outage. 

When the load is 1.5 times the base load, the system 

which is stable before contingency experiences 

voltage instability after the contingency. When the 

load factor is 1.5. Voltage stability is maintained both 

before and after contingency. 

f) Time domain analysis: 

Fig.11. shows the voltage at bus28 as a function 

of time following a contingency for the two cases of 

system loading mentioned above. 

 
Fig.11: Time domain analysis for contingency cases 

For this time domain analysis [10], the following 

assumptions are made, 

 All P and Q are kept constant at load bus. 

 Except slack bus, all other generators have 

blocked their governors. 

 All electrical transients are neglected. 

 Generator bus voltages are held constant. 

This shows that a voltage stable system under normal 

conditions can become unstable under contingency 

condition. 

IV.SUPERIORITY OF THE PROPOSED 

METHOD 

The Voltage margin computation at each bus is 

done using the locally available signals V, P, Q at that 

bus only. All the existing methods used to study 

voltage stability require complete data of the network. 
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The system operator can readily use this method 

to evaluate the vulnerability of each bus for voltage 

collapse using online data which is available to him. 

The voltage margin computed by this method 

will provide the system operator with useful 

information about how much load can be added to the 

bus before the system suffers voltage instability. 

Unlike other methods using the Eigen value of 

the system Jacobian or the L-index which compares 

the present bus voltage with the open circuit voltage 

to arrive at the voltage stability index, the proposed 

method gives the magnitude of the bus voltage at 

which the system loses the voltage stability.   

V.CONCLUSION 

This paper presents a study and analysis of the 

performance of the system static voltage collapse 

indices. All the other indices applied to thePractical 

72 bus system of Southern grid in India gave similar 

results. The study indicated that the bus 28 of 

thePractical 72 bus system of Southern grid in India 

is identified as the weakest bus in the system. 

“Sensitivity Index of Voltage margin to Reactive 

power injection”, is calculated. The authors 

concluded that the calculated voltage margin is faster 

and more elegant. 
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