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Abstract - Voltage stability assessment plays a vital role in power system networks for stability monitoring. Various voltage 
stability indices (VSIs) have been implemented and used for voltage stability assessment. These indices are applied for both 
transmission as well as distribution network to determine the weak bus or line and a point of voltage instability. This paper 
focuses on an overview of different voltage stability indices applicable to distribution network with Distributed Energy 
Resources (DERs). Also a comparative study is done based on different factors like critical value, number of parameters and 
assumptions etc., The outcome of this study might be very useful to choose appropriate VSI and also determine the voltage 
instability problem in the distribution network. Moreover, this study helps to trigger appropriate compensation to avoid such 
an unwanted problem in the network. 
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I. INTRODUCTION 
 
Distributed Generations (DGs) are the type of 
technique used for generation of power close to load 
centre or on the load centre. DGs are small scale 
generations which ranges from 3kW to 10,000 kW 
used for improving the traditional power systems [1, 
2]. DG technologies include conventional as well as 
non – conventional resources for producing power. 
The DG technologies incorporate small gas turbine, 
micro – turbines, fuel cells, wind and solar energy, 
biomass, small hydro – power, etc. as resources for 
power generation [3].Now a days, fossil fuel or 
renewable energy based DG techniques are widely 
preferred because of their various advantages over 
conventional resources. Integration of DG in the 
power system network yields so many benefits like 
improves voltage profile and power quality, reduces 
the lower loss, eliminates system upgrades, and 
improves system reliability and efficiency [4, 5]. The 
voltage profile improvement at load terminals 
changes with respect to location of DG. In general, 
DG can support and improve the voltage profile at 
load terminals. The system suffers from loss of 
stability with voltage dips as consequent of extending 
the stability margin of dynamic loads. Many 
distribution providers consider the voltage stability as 
one of the important factor in their planning 
objectives most importantly in increased loading 
condition of DG in the existing network [6].The 
increasing load on the distribution system causes a 
phenomenon called voltage instability, which has 
been the main cause for major blackouts in the power 
system networks [7]. The voltage collapse the term 
which can be used alternate to voltage instability is 
defined as the sequence of events that accompanying 
voltage instability results in abnormally low voltage 

or blackouts in a large part of power system network 
[8].Voltage instability occurs in condition where 
there is not enough reactive power resource and 
inability of transmission line in transmitting the 
essential reactive power due to failure of faults in the 
line [9].The generators and reactive power 
compensators like shunt capacitors provides the 
necessary reactive power. Increasing load demand, 
disconnection of power system components 
(transformer, generators and transmission line) and 
violating the reactive power limit of generator are the 
main causes of voltage instability. 
Different countermeasures are suggested to prevent 
voltage instability. Most commonly and importantly 
used methods are [10]  
1. Improving the weak buses or lines by using voltage 
supporting devices 
2. Appropriate placement of FACTS devices to 
increase the voltage stability margin 
3. Load shedding, shunt capacitor switching 
Latter suggestion is considered as the last line of 
defence. 
In identifying the weak buses or lines in the power 
system network, voltage stability indices (VSIs) play 
a major role. [11 - 15]. In this case, the value VSIs 
are determined in both online and offline mode. The 
essential data needed for VSI computation are 
obtained from phasor measurement units (PMUs) or 
static analysis. Finally, the line or bus with VSI near 
critical value is considered as the weakest bus or 
line.These VSIs are also used for activating the 
necessary prevention measures to avoid voltage 
instability [16-18]. For this case, the indices must be 
calculated in real time and the essential data should 
be provided by PMUs.For assessing the voltage 
stability of distribution network, it is essential to 
know the present operating point and its distance to 
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maximum loadability point. Many VSIs have been 
used by researchers to determine the distance 
between initial loading point to the maximum loading 
point [19-21].Some of these indices are relies on 
power system impedance but some others don’t and 
only need real and reactive power of buses or lines. 
Determination of power system impedance with high 
precision is not possible in practice due to 
atmospheric effects. So, calculation of indices with 
power system impedance might always includean 
error. 
In this paper, an overview of VSIs is done based on 
different aspects like assumptions, equations and 
critical values. From review results, suitable VSI is 
selected for distinct applications like voltage stability 
assessment, ranking the buses or lines based on 
voltage stability and initiating the prevention 
measures to control the voltage collapse.         
 
II.VOLTAGE STABILITY 
 
Voltage stability has been defined by the IEEE power 
system engineering committee as follows: “Voltage 
stability is the ability of a system to maintain voltage 
so that, when load admittance is increased, load 
power will increase and so that both power and 
voltage are controllable” [22]. Also voltage stability 
defined as the ability of a system to maintain voltage 
at all nodes within the acceptable limits when 
subjected to disturbance [23]. The stable power 
system normally has the capability to maintain the 
post – fault voltage close to its pre – fault value. 
Normally voltage instability phenomenon is analysed 
in static and dynamic model. Non – linear loads are 
involved in dynamic voltage instability and are the 
major factor contributing to the interruptions in the 
system, whereas in case of static voltage instability 
analysis linear loads with consideration of system 
operates in steady state [24]. 
2.1 Static stability analysis with DG 
 
Static voltage stability analysis is performed on 
system following a consideration of load as linear 
load and operation mode in steady state. The loads 
are modelled in terms of real and reactive powers 
which are the function of bus voltage. Voltage 
stability limit of a power system network with DG is 
always depends upon type of DG and level of 
penetration. For example, a distribution network with 
highly penetrated induction generation DG has the 
tempo to weaken the system voltage stability more 
than DG with heavy penetrated synchronous 
generation. This is due to the fact that induction 
machines do not have the tendency to generate and 
control reactive power. But, they draw reactive power 
from system for proper operation. As the load 
demand increase, power required also increase which 
should be supplied which if not voltage instability 
may occurs. Placement of DGs in the network will 

provide the excess power required by the load in 
order to maintain the system stability [25]. 
2.2Dynamic stability analysis with DG 
Integration of wind turbines into the power system 
network has a great impact on voltage stability as 
well as power quality. One of the important factors to 
be considered in wind turbine generator is the 
intermittent nature of wind which could create a 
major problem in power system [26].Chances of 
voltage instability problem are increased if the system 
network contains induction motor as the major load. 
This is because, reduction in terminal voltage cause 
more reactive power consumption even though 
consumption of real power is shortly reduced. 
 
III. VOLTAGE STABILITY INDICES 
 
Introduction of Voltage stability index (VSI) in the 
early 80’s along with other computation methods for 
investigating the voltage stability in the power system 
networks have provided excellent perspective in 
determining the voltage collapse [27] Different VSIs 
have been proposed so far and they are basically 
classified into Jacobian matrix – based voltage 
stability indices and system variable – based voltage 
stability indices [28]. 
 
In this paper, system variable based VSIs are focused 
rather than Jacobian matrix based VSIs. The system 
variable based VSIs only take lesser amount of 
computing time. Also, it will accurately point out the 
weak bus or line in the power system network. 
Whereas, the Jacobian matrix based VSIs take much 
longer computation time for determining the voltage 
instability point and also for every changes in the 
topology Jacobian matrix changes which should be 
recalculated; therefore, they are not usually preferred 
for voltage stability assessment in real time 
application. On the other hand, system variable based 
VSIs are found themselves in the real time voltage 
stability assessment as it need less computation time. 
Hence, the focus is narrowed towards system variable 
based VSIs. The Fig.1 shows two bus system of a 
power system network from which the expression for 
VSI is developed. For any network, VSI has been 
used as an indicator for the operator to identify or 
prophet the voltage instability. Besides, the 
advantages offered by these methods, there should be 
impulsive attention given to the newer formulation of 
advanced indices that are very helpful for increasing 
the capability of identifying the instability and give a 
warning signal to system operator in well 
advance.Also VSI was used as constraint in [29] in 
which the optimal power flow algorithm contains 
these voltage stability indices as a constraint for load 
curtailment procedure. With implementation of this 
idea, the voltage stability margin was found 
increasing as the total capacity of load curtailment 
increases. 
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Fig.1. Simple two bus system of a power system network 

 
One of the main problems with the proposed 
algorithm is that it only applicable for large system 
with larger loads when considered for better results.  
For optimizing the reactive power [30] has utilized 
the VSI as an indicator in the network. In this study, 
stabilization of network is done by means of VSI 
indicator from which reactive power plays an 
important factor. During optimization process, the 
reactive power injection was minimized. 
The analysis on voltage stability using VSI is not 
only restricted to transmission network but was also 
applied to the distribution network.  [31-32] proposed 
the use of VSI on distribution network and the 
significant difference in distribution network is lies 
on the line parameters where it is difficult to find out 
as it possess big variation in their values when load 
changes.  For stability analysis of transmission 
system, the power angles difference between two 
buses is considered to be small. But, such an 
assumption is not applicable to distribution systems. 
Due to the high R/X ratio of distribution system all 
the assumptions that have been used in transmission 
system are not used in stability analysis.VSI are very 
useful in applications like DG placement and sizing, 
detection of weaker bus or line and activating the 
counter measures in order to maintain the stability. 
Therefore, following section explain the various VSIs 
adapted in the power system networks for voltage 
stability assessment. 
3.1 Fast Voltage Stability Index (FVSI) 
FVSI is proposed based on the two bus system with 
sending and receiving end bus. The sending end bus 
is considered as reference bus. In FVSI concept, the 
discriminant of the voltage quadratic equation is 
assigned to greater than or equal to zero [33]. FVSI 
for a transmission line is determined by 

FVSI =                                               (1) 
For the stable operation of transmission line FVSI 
value must be less than 1. If FVSI value goes more 
than 1, the bus which connected by this line will have 
sudden variation in the voltage level which will lead 
to voltage collapse in due course of time. Shunt 
admittance are neglected in this index along with the 
following considerations 

sin 훿 ≈ 0,  cos훿 ≈ 1,R sin 훿 ≈ 0,X cos훿 ≈ 푋 
If the above mentioned assumptions are not 
considered then the index 퐿  have been obtained as 

퐿 =
(  )

                                       (2) 
 
3.2 Line Stability Index (푳풎풏) 
Line Stability index퐿  proposed in [34] is 
developed same way as FVSI by setting voltage 
quadratic equation to greater than or equal to zero. 
The 퐿  value of a transmission line is evaluated by 
  퐿 =

(  ( ))
                                          (3) 

In evaluating  퐿  of transmission line, the effects of 
shunt admittance and real power on voltage stability 
are neglected. The system remains in stable as long as 
퐿  is maintained below 1. The system falls into 
voltage instability state when the index value exceeds 
1. 
3.3 Line Stability Factor (LQP) 
The Line Stability Factor; LQP is developed as same 
as that of two previous VSIs [35]. The LQP is 
obtained as 
퐿푄푃 = 4 푄 +                               (4) 
LQP should be maintained less than 1 for stable 
system. The line is considered to be lossless (R/X << 
1) and shunt admittance are not considered in 
determining LQPindex value. 
3.4 Line Stability Index (푳풑) 
Based on the previous line VSIs,퐿  has been 
developed byMoghavvemi et al.[36]. The system is 
unstable for 퐿  greater than 1. The 퐿  of transmission 
line is obtained as 
퐿 =

(  ( ))
                                           (5) 

The reactive power and shunt admittance effects are 
neglected and only the real power effects are 
considered for voltage stability analysis.  
3.5 Stability Index (SI) 
SI proposed by Eminoglu et al. is developed for 
calculation of line VSI and it is obtained based on 
voltage quadratic equation [37]. 
The SI is obtained as 
 
푆퐼 = 2푉 푉 − 푉 − 2푉 (푃 푅 + 푄 푋) − 푍 (푃 +
푄 )(6) 
 
The line is the system is identified as most sensitive 
to voltage collapse, when SI of such line is minimum. 
The voltage collapse occurs when SI value reaches 
zero. Shunt admittance is neglected as in the previous 
VSIs. 
 

 
Ref.no. VSI Assumptions Expression Critical 

Value 
1 FVSI sin 훿 ≈ 0     cos 훿 ≈ 1 4푍 푄

푉 푋  
1 
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2 Lij Y ≈ 0 4푍 푄 푋
푉 (푅 푠푖푛훿 − 푋푐표푠훿)  

1 

3 Lmn Effect of active power 
neglected and Y ≈ 0 

4푄 푋
(푉  푠푖푛(휃 − 훿))  1 

4 LQP R ≈ 0 Y ≈ 0 
4

푋
푉 푄 +

푃 푋
푉  

1 

5 Lp Effect of reactive 
power neglected and 

Y ≈ 0 

4푃 푅
(푉  푐표푠(휃 − 훿))  1 

6 SI Y ≈ 0 2푉 푉 − 푉 − 2푉 (푃 푅 + 푄 푋)− 푍 (푃
+ 푄 ) 

0 

TABLE 1. Comparison of different VSIs 
 

IV. COMPARITIVE STUDY ON DIFFERENT 
VSIS 
 
Comparison of various voltage stability indices 
(VSIs) used for assessing the voltage stability of a 
two bus system is established based factors like 
equation, variables involved, assumptions and critical 
values is shown in Table  1.By evaluating these 
indices at all the bus or line in the power system 
network, one can find the bus or line close to its 
transmission limit and also if any further perturbation 
in load will take the whole system to state of voltage 
collapse. For, FVSI with the assumptions of 
negligible shunt admittance and angle difference 
between the voltages zero only applicable for the 
system with light loaded line and it cannot be used for 
the heavily loaded line as the difference is very large. 
For the transmission line to be stable, the value of 
FVSI should be kept below 1. The line which has 
FVSI of more than 1 might experience low voltage 
which might lead to potential voltage collapse. In 
Line stability index (Lmn), the effect shunt 
admittance as well as effect of real power is not 
considered on voltage stability. Both Lmn and FVSI 
are distinct and both are directly proportional to 
reactive power of receiving end and indirectly 
proportional to the bus voltage of the sending end 
bus.  It is clear that these two indices are very 
sensitive to change in reactive power. For a stable 
system, the value of Lmn should kept below 1 
otherwise voltage collapse occurs. In case of Line 
stability index (Lp), shunt admittance and reactive 
power effect are eliminated.  For Lp>1, the system 
considered to be unstable. Stability index (SI) 
provides the information of about the line which is 
most likely to get collapse. Similar to the previous 
VSIs the effect of shunt admittance is neglected. Line 
Stability Factor (LQP) should be maintained below 
one for stable system. It is evident that LQP have 
direct relationship with real and reactive power on the 
receiving end. Hence, LQP might give precise 
information about stability as it depends upon both 
real as well as reactive power and likely to give better 
information than FVSI and Lmn. 
 

CONCLUSION 
 
An overview of different voltage stability indices 
(VSIs) used for predicting the voltage instability with 
distribution network was presented in this paper. The 
VSIs depends upon different parameters including 
real and reactive power, line impedance.  System 
variable based VSI were found to be more useful than 
Jacobian matrix in terms of lesser computation time 
and higher accuracy for assessing the voltage stability 
of the power system network. This paper also 
discusses importance of finding the weak bus or line 
in order to sense the voltage collapse phenomenon in 
the distribution system. The outcome of assessing 
these indices can be used for triggering the prevention 
measures in order to keep the voltage stability with 
the safer margin. 
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