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Abstract:- Modern power systems are operating under much stressed load conditions and also facing the problem of limited capacity of power 

generating sources. Voltage instability is a quite frequent phenomenon under such situation rendering degradation of power system performance. 

In order to avoid system voltage collapse and blackouts, power system is to be analyzed in view of voltage stability for a wide range of system 

conditions. This paper discusses the use of line voltage stability indices termed as fast voltage stability index (FVSI) and line stability index 

(Lmn) in order to determine the critical line. The line with least stability margin is ranked highest indices value is identified as theoretical line. 

The performances of the indices are investigated for the IEEE 14 - bus test system at different loading using MATLAB simulations. 
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I. Introduction 

 Power system is one of the largest networks, which consist 

generation, transmission and distribution of electrical power. 

Since last decade many countries like India, France, Belgium, 

Germany, Japan, USA etc are facing the voltage instability 

problem due to overdrawn of load demand which leads to 

mismatch of reactive power. When overloading occurs in a 

power system, the voltage at a particular bus drops suddenly 

leading the system towards instability. For such a large 

network it is difficult to maintain voltage within safe limits. 

Voltage stability problem is significant since it affects the 

power system security and reliability. That‟s why it is 

necessary to analyze critical line and find the proximity to 

voltage collapse. 

 

P-V [25] and Q-V [26] curve methods were widely used as 

index to find the proximity to voltage collapse, but they have 

few disadvantages such as only one bus is considered for load 

variation at a time and it involves high computation time and 

convergence problem occurs in solving the power flow 

equation. In large complex networks Load-flow analysis is 

commonly used. Power-flow analysis and its application to 

voltage stability are very easy to implement. Based on power 

flow equations some indices are derived to find the proximity 

to voltage collapse. These indices are simple, easy to 

implement and computationally inexpensive. Voltage stability 

indices can be used for both online and offline studies. 

 

Operation of power system is becoming difficult due to 

limited expansion of transmission network because of social 

and environmental burdens, lack of initiatives to replace the 

old voltage and power flow control mechanisms and 

imbalance in load-generation growth. As the system is 

operating close to the stability limit, a relatively small 

disturbance may cause the system to become unstable. The 

power system is normally an interconnected system, its 

operation and stability will be severely affected. It normally 

follows by a disturbance in the power system. As defined in 

[1], voltage stability is the ability of a power system to 

maintain steady and acceptable voltages at all buses in the 

system under normal operating conditions and after being 

subjected to a disturbance. The study of voltage stability can 

be analyzed under different approaches, but specially, the 

assessment of how close the system is to voltage collapse can 

be very useful for operators. This information on the 

proximity of voltage instability can be given in terms of 

Voltage Stability Indices. These indices can be used to enable 

the operators to take action or even to automate control 

actions to prevent voltage collapse and for the designing and 

planning purposes. 

 

In this paper, voltage stability indices i.e. fast voltage stability 

index [12] and line stability index are analyzed for IEEE 14 

bus. The capability of these indices to identify critical lines 

can be evaluated by keeping buses at different loading 

conditions. For each system, loading scenarios are base 

loading, load is increased by 30%, and load is increased by 

50%. FVSI and Lmn indices are calculated for each loading 

scenario at each line. The most critical line is decided based 

on the results of indices. 
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II. Voltage Stability Indices 

The condition of voltage stability in a power system can be 

characterized by the use of voltage stability index. This index 

can either referred to a bus or a line. The broader 

classification proposed in this paper is based on [22] and [23], 

having adopted the notation of the Jacobian matrix based VSI 

and system variables based VSI. Jacobian matrix based VSI 

can calculate the voltage collapse point or maximum 

loadability limit and determine the voltage stability margin 

but the computation time is high and hence they are not 

suitable for online assessment. On the other hand, system 

variables based VSIs, which use the elements of the 

admittance matrix and some system variables such as bus 

voltages or power flow through lines, require fewer 

computations and, therefore, are adequate for online 

monitoring. The disadvantage of these indices is that they 

cannot accurately estimate the margin, so they can just 

present critical lines and buses. These indices are simple, easy 

to implement and computationally inexpensive. 

 

(a) Fast Voltage Stability Index (FVSI) 

The 2-bus power system model is shown in figure 1 and this 

is used to derive FVSI [12]. In the 2- bus power system 

model where bus „k‟ is sending end bus and bus „m‟ is 

receiving end bus. (Pk + jQk) and (Pm+jQk) are sending end 

and receiving end complex powers respectively. 

 
Figure1. 2-Bus power system 

Where,  

Vk,Vm are the sending and receiving end voltages 

Pk,Pm are the sending and receiving end real power 

Qk,Qm are the sending and receiving end reactive 

power 

δk, δm are the sending and receiving end bus voltage 

angles 

The Fast Voltage Stability Index (FVSI) for a line k-m is 

 

 FVSIkm = 4Z
2
Qm / XVk

2
 ………. 1. 

 

The value of FVSI index of a line when approaches unity it 

means that the line is approaching its stability limits. The 

FVSI of all the lines must be lower than 1 to assure the 

stability of power system. 

(b) Line Stability Index (Lmn) 

Moghavvemmiand F.M. Omar [13] derived a voltage stability 

index based on a power transmission concept in a single line. 

In figure 1, a 2- bus power system model is shown. The line 

stability index is given as 

 

 

                  Lmn=   4QmX           ……2. 

{Vksin(θ−δ)}
2 

 

δ=δk−δm 

X=Z. Sinθ, is the line reactance  

θ is the line impedance angle  

The value of Lmn index of a line when approaches to unity it 

means that the line is approaching its stability limits. The 

Lmn values of all the lines must be lower than 1 to assure the 

stability of power system. 

 

III. Test result and discussion 

For every test, the indices are investigated and compared 

regarding to scalar values. It shows that all indices have 

coherent performances relating to voltage stability. They are 

close to 0 when the system is stable, and increase towards 1 

when the system is more critical. 

 

Voltage stability analysis is carried out for determining 

loadability limits for IEEE standard 14bus power systems at 

100 MVA base. Newton-Raphson method [16] is used for 

solving the power flow equations. MATLAB code is written 

for the used methods and indices. 

 

For an IEEE 14 Bus test systems, MATLAB analysis has 

been carried out for different cases listed below: 

 

1. Base Case: In this section IEEE standard system isused 

for the study. 

2. 30% Increased load: IEEE standard system withincreased 

loading by 30% at each bus is used for the study. 

3. 50% Increased load: In this case an IEEE standard 

system with increased loading by 50% at each bus isused 

for the study. 

 

4. Line outage with increased load: IEEE system with increased 

loading by 50% at each bus along with line outage is 

considered for the study. 

 
Figure 2. 14 -Bus IEEE standard test system 
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IEEE standard 14-Bus test system consists of 5 generator 

buses (bus 1 is slack bus and 2,3,6 and 8 are PV buses), 9 

load buses and 20 lines in which 3 lines (4-7, 4-9 and 5-6) are 

with tap changing transformers[17]. 

 

Table 1 : Voltage stability analysis based on FVSI and  Lmn for Case 1  

 

Table 2 : Voltage stability analysis based on FVSI and Lmn for Case 2 

 

 
(1) Base case (2) 30 % increased loading 

 
(Figure 1 - Base case)                                   (Figure 2 - 30 % increased loading) 

The 9
th

 line between buses 4 and 9 has the highest value of both 

Lmn and FVSI. 

FVSI = 0.3597                        Lmn = 0.3621 

 

The 9
th

 line between buses 4 and 9 has the highest  

value of both Lmn and FVSI. 

FVSI = 0.5021                                 Lmn = 0.5084 
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Table 3 : Voltage stability analysis based on FVSI and 

Lmn for Case 3  

 

Table 4 : Voltage stability analysis based on FVSI and 

Lmn for Case 4 

 

 
 (3) 50% increased loading (4) 50 % load increased with line outage 

 
(Figure 3 - 50% increased loading)                             (Figure 4 - 50 % load increased with line outage) 

The 9th line between buses 4 and 9 has the highest value of both 

Lmn and FVSI. 

 

10th line between buses 5 and 6 has the value of both Lmn 

and FVSI. 

 

FVSI = 0.6070  Lmn = 0.6184     FVSI = 1.0439      Lmn = 1.0839 
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IV. Conclusion 

In this paper two indices (FVSI and Lmn) are formulated 

to identify critical lines based on different loading 

conditions. The indices are simulated in a small 14-bus 

system using MATLAB simulation tool. This paper presents 

the methods to identify the critical lines. Voltage stability 

indices FVSI and Lmn are calculated and voltage instability 

is observed. The comparison of both indices is presented 

based on the different loading condition. Based on the 

analysis, it can be concluded that FVSI and Lmn are 

equivalent to each other. In terms of their general 

performance, both indices are coherent with their theoretical 

background. When the system is stable, these line indices 

present values near 0 and cross 1 at the voltage collapse 

point. This paper has four cases for each test system and 

their effects on stability of line. When we are moving from 

base load condition to 30% and 50% overloading the value 

of both indices also increases. The simulated results show 

that at 50% overloading with line outage both indices (FVSI 

and Lmn) crosses the value 1 and system becomes instable. 

These indices give the information regarding critical bus 

or the weakest bus of the system so that operators of the 

power system maintain a margin for stability to avoid the 
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voltage collapse. These indices are also useful for power 

system planning and operation. 

 

REFERENCES 

[1] P.Kundur, “Power System Stability and Control”, New 

York: McGraw-Hill, 1994.  

[2] P. Kundur, J. Paserba, V. Ajjarapu, G. Andersson, A. 

Bose, C. Canizares, N. Hatiziargyriou, D. Hill, A. 

Stankovic, C. Taylor, T. Van Cutsem, and V. Vittal, 

“Definition and classification of power system stability”, 

IEEE Transactions on Power Systems, vol. 19, no. 2, pp. 

1387-1401, May 2004.  

[3] T. Van Cutsem and C. Vournas, “Voltage Stability of 

Electrical Power Systems”, New York: Springer Science, 

1998.  

[4] B. Gao, G. K. Morison, and P. Kundur, “Voltage stability 

analysis using Static and dynamic approaches”, IEEE 

Transactions on Power Systems.  

[5] Luis Aromataris, Patricia Arnera, and Jean Riubrugent, 

“Improving static techniques for the analysis of voltage 

stability”, Electric Power System Research, vol. 33, no. 

4, pp. 901-908, May 2011.  

[6] C.W. Taylor, “Power System Voltage Stability”, New 

York: McGraw-Hill, 1994.  

[7] C. D. Vournas, P. W. Sauer, and M. A. Pai, 

“Relationships between voltage and angle Stability of 

power systems”, Electric Power Systems Research, vol. 

18, no. 8, pp. 493-500, November 1996  

[8] C.A. Canizares, “Voltage stability assessment: Concepts, 

practices and tools”, IEEE-PES Power Systems Stability 

Subcomittee Special Publication.  

[9] P.A. Lof, G. Anderson, and D.J.Hill, “Voltage stability 

indices for stressed power systems”, IEEE Transactions 

on Power Systems, vol. 8, 1993.  

[10] V. Ajjarapu and C. Christy, “The continuation power 

flow: A tool for steady state voltage stability analysis”, 

IEEE Transactions on Power Systems, vol. 7,Feb. 1992.  

[11] B. Gao, G. K. Morison, and P. Kundur, “Voltage stability 

evaluation using modal analysis”, IEEE Transactions on 

Power Systems, vol. 7, Nov. 1992.  

[12] I. Musirin and T. K. Abdul Rahman,“Novel fast voltage 

stability index (FVSI) for voltage stability analysis in 

power transmission system”, Student Conference on 

Research andDevelopment. 2002.  

[13] M. Moghavemmi and F.M. Omar, “Technique for 

contingency monitoring and voltage collapse prediction”, 

IEE Proceedings on Generation, Transmission and 

Distribution, vol. 145, pp. 634-640, Nov. 1998.  

[14] F.A. Althowibi and M.W. Mustafa, “Voltage stability 

calculations in power transmission lines: Indication and 

allocations”, IEEE International Conference on Power 

and Energy, pp. 390-395, Nov. 2010.  

[15] P. Kessel and H. Glavitsch, “Estimating the voltage 

stability of a power system”, IEEE Transaction on Power 

delivery, vol. 1, pp. 346- 354, Jul. 1986.  

[16] Abhay Kumar and Viren Pandya, “Voltage Stability 

Assessment using Different Indices”, IJSRD – 

International Journal for Scientific Research & 

Development.  

[17] Willium D. Stevenson Jr, “Elements of Power System 

Analysis”, 4th Ed., New York: McGraw-Hill.  

[18] Krishna Nandlal (Trinidad & Tobago Electricity 

Commission) and MustiSastry (The University of the 

West Indies, Senior Member IEEE), “Assessment of 

Voltage Stability of a Small Island Network using a 

Developed MATLAB Toolbox”.  

[19] Ankit Kumar Sharma, Akash Saxena and Rajiv Tiwari, 

“Maximum Loadability Estimation for Weak Bus 

Identification using Line Stability Indices”, International 

Journal of Hybrid Information Technology ,Vol. 10, No.2 

(2017), pp. 49-60.  

[20] C.D. Vournas and M. Karystianos, “Load tap changers in 

emergency and preventive voltage stability control”, 

IEEE Transactions on Power Systems, vol. 19, no. 1,pp. 

492-498, Feb. 2004.  

[21] T.X. Zhu and S.K. Tso, “An Investigation into the OLTC 

effects on voltage collapse”, IEEE Transactions on Power 

Systems, vol. 15, no. 2, pp. 515-521, May 2000.  

[22] F. Karbalaei, H. Soleymani and S. Afsharnia, “A 

comparison of voltage collapse proximity indicators”, 

IPEC2010 Conference Proceedings, 27-29 Oct. 2010, pp. 

429-432.  

[23] Y. Gong, N.Schulz and A.Guzman, “Synchrophasor-

based real-time voltage stability index”, Proc. Power 

System Conference and Exposition, Atlanta, Oct.-

Nov.2006.  

[24] https://www2.ee.washington.edu/research/pstca/p 

f30/pg_tca30bus.html  

[25] L.Warland “A voltage instability predictor using Local 

area managements 2002”. [26]  

[26] Y.N.N. Tchokonte, “Real-time identification and 

monitoring of voltage stability margin in electrical power 

system using synchronized phasor 

measurements,”PhD,Faculty of ElectricalEngineering 

and Computer Science, University of Kassel 2009. 


