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IMPROVEMENT OF STABILITY MARGIN BY OPTIMAL LOCATION OF SVC 
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Abstract: Even though Static Compensators are used for the improvement of Voltage Stability, their Location 
in the network plays a key role. Voltage indices have become an important parameter in finding the optimal 
location of any FACTS device. Effects of FACTS on system loadability have also been discussed and presented 
here. This paper deals with some static methods for analysis of Voltage Profile. These different types of voltage 
stability indices and its importance with reference to placement of devices indicate the stability margin of the 
test system. Voltage instability is a phenomenon which often contributes to the development of power system 
disturbances. Analysis is done on IEEE 14 bus test system and MATLAB simulation is used to compare the 
system with and without placement of SVC. 
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Introduction: In recent years, the combined effect of 
power transfers, interconnection of networks, 
incremental load demands and difficulty in building 
new transmission facilities have resulted in operating 
transmission systems closer to their voltage/reactive 
limits and therefore the possibility of voltage collapse 
has increased. Generation must be adjusted 
appropriately to the loads satisfying several 
constraints. In this process due to several 
contingencies there are few conditions which may 
lead to the unstable operation of the power system. 
One of such major problems is Voltage Collapse. This 
can be due to large amount of reactive drop in 
transmission line. Under such circumstances only a 
part of the consumers are supplied with power. 
Hence in-order to overcome such unforeseen 
situations, few methods have been designed which 
gives us information about voltage collapse, which is 
the ability of a power system to maintain acceptable 
voltages at all nodes in the system under normal 
condition and after being subject to a disturbance. 
These methods are identified by voltage stability 
indices. These differ from each other in calculation, 
collapse prediction and bus profile. A power system is 
said to have a situation of voltage instability when a 
disturbance causes a progressive and uncontrollable 
decrease in voltage level. Voltage stability indices 
allow the identification of weak and/or strong nodes 
of an electric power transmission system and employ 
power flow equations in all nodes and branches of the 
power system. The voltage collapse points are also 
known as maximum loadability points. Many aspects 
of voltage stability problems can be effectively 
analyzed by using static methods, which examine the 
feasibility of the equilibrium point represented by a 
specified operating condition of the power system. 
The static analysis techniques allow examination of a 
wide range of system conditions and provide insight 
into the nature of the problem and can identify the 

key contributing factors. Some static indices, which 
could determine the proximity of power system to 
voltage collapse, are defined in the literature. The 
voltage instability indices should have a smooth 
shape while a power system variable is changed and 
should be fast particularly for online system 
monitoring studies. So far some useful voltage 
stability indices are proposed. They differ each other 
in calculation requirements, precision, profile and 
collapse prediction capability. The Voltage Indices 
are of two types- (1) bus indices which are defined at 
all the bus-bars present in the system and (2) Line 
indices which are defined at all the transmission lines 
in the system. In this paper, firstly we have presented 
the description of the different types of voltage 
indices with their stability criterion. This helps in 
analyzing the results obtained after the simulation. 
Next we have run few MATLAB simulations on IEEE 
14 bus system and obtained required indices so that 
the weakest bus can be found out. Once we have the 
weakest bus we have installed the SVC device at that 
bus, the voltage profile is calculated. This profile is 
expected to be better than the one without SVC 
device.    SVC is a shunt connected FACTS device that 
helps in controlling and maintaining the specific 
power system variable by varying its output 
capacitive current or reactive current.  Two widely 
used models of SVC are the fixed capacitor (FC) with 
a thyristor controlled reactor (TCR) model and the 
thyristor switched capacitor (TSC) with TCR. In this 
paper the FC-SVC model of SVC is used for the 
analysis [10]. 
By controlling the Firing angle of the thyristor the 
fundamental component of the controller current can 
be varied from its maximum value to the zero. Fig.1 
represents the steady-state model of SVC. This effect 
is equivalent to varying the impedance of the 
controller [8]. Hence by varying the Firing Angle the 
current (Lead/Lag) supplied can be varied. 
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Fig.1 Basic structure of SVC 
However several harmonics are produces which can 
be removed by using a filter tuned at power 
frequency. Assuming voltage of the controller equal 
to the bus voltage fundamental component of only 
TCR current could be obtained by performing Fourier 
series analysis. 
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Where,  
I= Fundamental component of TCR current 
Xl = reactance caused by the fundamental frequency 
without thyristor control and α is the firing angle. 
Xv= Variable reactance of the TCR.  
Hence, the total equivalent impedance of the SVC 
can be represented as: 
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Fig.2 V-I characteristics of SVC 

The limits of the controller are given by the firing 
angle limits which are fixed by design. In-order to 
have a clear idea about the working of SVC when 
installed in the power system its steady state V-I 
characteristics have to be studied. From Fig.2, the 
operation of SVC can be explained as follows.  
When the system is operating at normal situation the 
voltage is at point A.  
Increase in Load: When there is any increase in load 
the current drawn increases due to which voltage 
drop increases and the receiving end voltage 
decreases.  In-order to improve the voltage profile, 
reactive power has to be supplied which could be 
accomplished by the SVC. It has to be controlled in 
such a way that it supplies net capacitive current 
providing reactive power and improving the voltage 
profile. This can be done by firing the thyristors so 
that they have a maximum value of the Capacitance. 
Thus the voltage profile is improved to V4 drawing 
the current I4. 
Decrease in load:  Due to decrease in the load, 
current drawn decreases and the drop decreases 
which results in an increase in the receiving end 
voltage. In-order to maintain voltage at its previous 
point reactive power has to absorbed, which could be 
accomplished by using SVC[10].  It has to be operated 
in such a way that it supplies net lagging current, 
absorbing the reactive power and decreasing the 
voltage profile.  This can be done by firing the 
thyristors; so that they include large value of 
inductance (Assuming Inductance rating is higher 
than capacitance). Thus the voltage profile is brought 
back to V3 by drawing current I3. 
 Indices Formulation: 
PV-curve based Indicators: With an increase in the 
load the receiving end voltage decreases. If the 
decrease in the voltage is below certain critical value 
then voltage collapse occurs. Voltage stability creates 
a serious problem in the ability of a transmission line 
to transfer maximum power, particularly with higher 
VAR demand [1].The PV curve is drawn by varying 
system load and plotting it against voltage.  PV-Curve 
gives valuable information regarding the variation of 
bus voltages with load, critical voltage at which 
instability occurs and distance to instability. 

 
Fig.2 PV-curve 
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Line stability Index (Lmn): 
This is a stability index defined for the line connected 
between two bus -bars in an interconnected network.  
This is formulated based on the power carrying 
capacity of the line. Consider the two bus system.    

 
Fig.3 Two bus system 
 
From the power flow equations, 
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Separating the equations in real and reactive powers, 
we get 
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Defining  & = &! − &� , we get 
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Substituting  ",./$ = 2 , the condition that the 
square root had to be positive, 
 

[ !,./ ($ − &)]' − 4-�2 ≥ 0 
and defining  Lmn as 

456 =
42-�

[ !,./ ($ − &)]' ≤ 1 

 
If the value of Lmn is close to 1 then the line is 
moving towards unstable operation. As long as the 
Lmn index is less than 1 then the system is stable. 
V/Vo Index: This is a very simple index to calculate. V 
is the voltage of the buses in the system under loaded 
conditions and VO is the voltage of the buses when 
the loads are set to zero. Both V and Vo could be 
obtained solving the load flow of the system. This 
index gives immediate indication of the voltage 
stability to prevent voltage collapse. 
Line Stability Index FVSI: This Index is based on the 
concept of power flow through a single line. 
Considering the two bus system, current flowing 
through the line is calculated considering the sending 
end voltage as reference, 
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The roots for the Receiving end voltage could be 
written as: 
 �
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To obtain the real roots of the receiving end voltage 
discriminant has to be greater than or equal to zero 
 

4"'-�2
 !'(:,./& + 2*+,&)' ≤ 1 

 
     Since the angle deviation is very small, it could be 
approximated as, 
 

& ≈ 0 → ,./& = 0 &*+,& = 1 
 
   Thus defining the Stability Index as: 
 

B �8!� =
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If the value of FVSI is close to 1 then it is at the verge 
of instability. If the value of FVSI of any particular 
line approaches or goes beyond 1, then one of the 
buses to which the line is connected experiences a 
drastic voltage collapse. Hence if the value of FVSI is 
close to zero then the system is stable. 
Line Stability Index LQP: This is formulated based on 
the power carrying capacity of the line. It is defined 
as: 
 

4-( = 4 C =
DE?F ( =

DE?(G' + -H) 
Where, 
X=line Reactance 
Vi= Sending End voltage 
Pi= sending end real power 
Qj= receiving end reactive power 
The value of LQP must be maintained well below 1 for 
the system to be stable. 
Reduced Jacobian Matrix Indicators: Parameters 
based on measurement of system conditions are 
useful for planning and operating purposes to avoid 
the situation where a system collapse might occur. 
Effective voltage collapse indictors could be based on 
reduced load flow analysis of Jacobian matrix. The 
general load flow analysis could be formulated as: 

IJ(
J-K = [L] MJ$

J N 
[L] = ILO L'LP LQK 

 

LO =
R(
R$ , L' =

R(
R , LP =

R-
R$ , LQ =

R-
R  

J=Load flow Jacobian Matrix 
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It has the derivative of the active and reactive power 
mismatch equations, 
�� = ��( ,!)and�" = �"( ,!) 
with respect to the magnitude V and angle Ѳ. It is 
recommended to reduce the Jacobian to first 
derivative of reactive power equations in relation to 
voltage magnitude by assuming thatthe generator 
and load buses present no active power variation, i.e 
ΔP = 0 .Jacobian matrix J can be reduced as 

ΔQ = J$.ΔV J$ = J& − J(J(
)*J+ 

Where, Jr is called Reduced Jacobian Matrix. By 
calculating Eigen values for each bus at different 
loading factors weakest bus can be determined. 
Stability Index (SI): 
SI(r) = 2V,

+V-
+ − V-

& − 2V-
+(PR+ QX)− |Z|+(P+ +Q+) 

After carrying out the load flow analysis the voltage 
magnitudes at all the nodes or receiving end nodes 
are computed and the Active and reactive power 
flows in a line are known. Hence this is very easy to 
calculate. It is considered that the node with 
minimum value of SI is very much prone to voltage 
collapse phenomenon. Hence for a node to stay stable 
from voltage collapse conditions the value of Stability 
Index must be high. 
Analysis Of Test System:  Lmn Index: 

 
Fig.4 Lmn Index 

From the above graph it is evident that 20th 
transmission line has the highest value of Lmn 
followed by 17th transmission line. 14th bus is 
connected to one end of the 20th transmission line 
and 17th transmission line. Hence from the above 
result it could be found that the region or the area 
close to 14th bus is the weakest region or bus. 
FVSI (Fast voltage Stability Index) Index: 

 
Fig.5 FVSI index 

From the above graph it is evident that 20th 
transmission line has the highest value of FVSI 
followed by 17th transmission line. 14th Bus is 
connected to one of the ends of 20th transmission line 
and 17th transmission line. Hence the area in which 
14th bus is located or the region close to 14th bus is 
prone to Voltage collapse. 
LQP Index: 
From the above graph it is visible that, 20th 
transmission line has highest value of LQP index 
followed by 17th transmission line which is 
undesirable. 14th bus is connected to one of the ends 
of 20th transmission line and 17th transmission line. 
From this it could be found that the region close to 
14th bus is the weakest region or area. 
 
 

 
Fig.6 LQP Index 

Reduced Jacobian Matrix Indicator: 
 

 
Fig.7 Reduced Jacobian Matrix Indicator. 
Eigen Values are calculated for the IEEE 14 Bus 
system and are plotted against their Bus numbers. 
From this it could be found that 14th Bus has the 
highest Eigen value which makes it the weakest bus.  
V/Vo Index: 

 
Fig.8 V/Vo 
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 From the above graph it is found that 14th bus has the 
lowest value of V/Vo index indicating the voltage at 
the 14th bus has the largest deviation from no load to 
maximum load condition making it weakest bus. 
PV curve: 

 
Fig.9 PV curves of IEEE-14 bus system 
 
PV curve is plotted by increasing load in steps against 
voltage. It is evident from the above graph that 
14thbus is very sensitive to the changes in load when 
compared to other buses. 
From the above analysis of the Indices (Lmn, LQP, 
FVSI, V/Vo, and Reduced Jacobian Matrix Indicator) 
and PV-Curve it is found that the region in which 14th 
bus is located is the weakest region. This region is 
very much prone to Voltage collapse. Hence a remedy 
to overcome voltage instability is to install a FACTS 
device. Following analysis is done installing SVC at 
the 14th bus of IEEE 14-Bus system. 
Results: 
PV-Curve with SVC: 

 
Fig.10 PV curves for IEEE-14 Bus system with SVC at 
14th Bus. 
 
There is a considerable increase in the loadability of 
the transmission lines with the installation of SVC at 
14th bus. When SVC was not in the system the 
loadability factor was 2.8. But when SVC is 
incorporated in the system for the same operating 
conditions it is improved to 3.6. This proves that the 
same transmission lines are now capable of 
transferring higher power to the load centers.  
Voltage magnitude without SVC:  

 
Fig.11voltage magnitude at all buses without SVC. 
 
Improved Voltage profile with SVC at 14th Bus: 

 
Fig.12 Improved Voltage Magnitude with SVC at 14th 
Bus. 
 
With the installation of SVC at the 14th bus, its 
voltage has been improved to 1 p.u from0.9488. 
Improved Voltage profile with SVC at 9: 

 
Fig.13 Improved Voltage profile with SVC at Bus 9. 
 
From the above results of SVC at 14th bus and at 9th 
bus it is evident that the increase in voltage profile of 
the buses is more in the case of 14th location rather 
than at 9th.  
 
Conclusion: 
Voltage stability Indices are obtained from 
Convectional Newton Raphson Method. From this it 
was observed that in the test system 14th Bus is the 
weakest bus. By the placement of SVC at the 14th Bus 
there is a dominant increase in Voltage Profile. 
Loadability factor of the transmission lines have also 
been improved with the installation of SVC at the 14th 
Bus.  
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