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Abstract - In this paper a method for improving voltage 
stability by compensating losses has been discussed based 
on the consideration of tap changing transformer and half 
line charging in the transmission lines. Variation of Reactive 
power with respect to voltage has been proposed to find out 
the weakest bus of the system. Active and reactive power 
loss of each line is found out.  Considering tap changing 
transformer and half line charging in the transmission lines 
the active & reactive power loss and hence the voltage 
stability is to be improved. P-V curve has been plotted for 
each condition and also voltage collapse point has been 
observed. The proposed method has been implemented on a 
6-bus 8-line system & shows its effectiveness for different 
methods. 
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1. INTRODUCTION 

It is now impossible to think our daily-life without 
electricity and economic growth of a country also depends 
on it. India ranks among the top producer and consumer of 
electricity due to large population density. In such 
condition security must be taken for big outages as there 
was a major electricity collapsed in 21 Indian states on 
30th and 31st July, 2012 [1]. Now a days due to the 
increasing demand, the existing power system 
transmission lines cannot meet the required loading 
thereby voltage instability occurs. Generally, voltage 
stability refers to the ability of a system to remain in stable 
operating condition i.e., maintaining acceptable voltage at 
all the network busses at fault as well as under normal 
condition. Voltage security of a system can be determined 
by the voltage stability analysis which also helps to find 
the stability limit for a network subjected to a fault or 
increase of reactive power demand [2]. Power flow 
analysis plays a vital role in power system analysis for 
operation, future planning, scheduling and power 
exchanging. It mainly evaluates bus voltage, phase angle of 
voltage, real and reactive power flowing through 
transmission lines considering two bus network 
interconnected system. It follows a numerical analysis 
which is iterative in nature and has lots of mathematical 
steps [6].  

Due to the ever-increasing power demand, the electrical 
network expanding and therefore stability limits must be 
increased for a developing country like India as a stable 

power system network ensures profitability. Systems 
blackout takes place if the voltage level of network bus 
falls below rated voltage and remain in unstable region. 
Hence accessing power losses minimization, operation and 
planning, studying and improving voltage stability is very 
crucial [1]. Offline system planning and online stability 
monitoring tool can be utilized for the protection of 
voltage collapse in power system. There are different 
methods and so many stability indices for the analysis of 
voltage stability limit. L-index, VSI, Jacobian matrix 
singularity indices, power flow solution pairs, P-V and Q-V 
curve-based indices are some of the well-known methods 
discussed [3-4]. Also, different types of soft computing 
techniques are used for voltage stability analysis which 
has their own advantages and disadvantages [5,7,12]. 
voltage stability margin (VSM) method and the reactive 
power-voltage (QV) and real power-voltage (PV) model 
analysis can be used for the voltage stability analysis in 
large power system network [13-16].  

Although Per unit system and single line diagram gives 
easy and simplified understandings but the calculation 
time increases with increasing network size. MATLAB 
programming based short time evaluation has developed 
for all the commonly used load flow analysis methods, viz., 
Gauss-Seidel method, Newton-Raphson method and fast 
Decoupled method [6]. A power system is said to be stable 
when it holds steady state values after a disturbance. The 
operating condition needs to be within the stability limit 
all the time of operation even be secure at the event of a 
fault. Voltage instability results to uncontrollable decline 
of voltage magnitudes in Q-V and P-V curve and leads to 
voltage collapse [8]. The newton Raphson method plays an 
important role in power flow analysis having the 
advantages of fast calculations and fast converging ability. 
Although it lacks in occupying large memory but using 
storage devices, this problem can be ignored. With this 
solution newton Raphson method becomes the most 
practical technique comparing with other load flow 
analysis techniques [6]. In so many stability improvement 
techniques, Power transformer with on load tap changers 
is used for automatic operation of voltage stability and the 
tap changing makes into the effect of voltage dependence 
with respect to load of the network [11]. 

In this paper, stability analysis is carried out on an IEEE 6-
bus 8-line transmission network [8]. Initially the active 
and reactive power line losses are calculated using load 
flow analysis method and observe the lines which bear 
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more losses. The weakest bus of the network has been 
identified by [∂V/∂Q] indicator from the Jacobian matrix 
of Newton-Rapson method. Thereafter, the lines having 
more active and reactive losses are connected with an on-
load tap changing transformer so that the line losses 
decrease and the weakest bus voltage increases which has 
been investigated by the P-V curve and improves power 
system stability. 

2. TAP CHANGING TRANSFORMER 

The real time operating point of a system and how far it is 
from the stability limit is very important to know for 
power system operators. The system security and 
feasibility must be assessed by the operator for 
uninterrupted operation of the network following a fault 
or load change [11]. Voltage instability problem can be 
corrected by tap changing transformer. It is one of the best 
ways to deal with the instability or insecurity problems in 
a power system network. Off load tap changing and on 
load tap changing are the general ways in this type of 
mitigation [10]. The tap changing transformer gives a 
constant secondary voltage. In case of large voltage error, 
the tap changer with a time delay is operated for the 
restoration of load [11] 

Power transformers equipped with On-Load Tap-Changers 
(OLTCs) have been main components of electrical 
networks and industrial application for nearly 80 years. 
The OLTC allows voltage regulation and/or phase shifting 
by varying the transformer ratio under load without 
interruption [17]. 

 

Fig 1. Tap Changing Transformer [10]. 

    Tap changing transformers are used without 
interrupting the supply of the system. Transformer plays 
an important role of managing the active & reactive power 
flow by controlling phase angle and voltage respectively 
[18]. On-Load Tap-changers (OLTCS) are one of the 
indispensable components for the regulation of power 
transformers used in electrical energy networks and 
industrial application. 

3. ROLE OF REACTIVE POWER 

In view of reliability, the role of reactive power 
differentiates active power in three major ways. They are, 
first, as the bus voltage is sensitive to reactive power and 
losses of reactive power over long transmission lines is 

more, transferring reactive power for long distance is not 
economical. Therefore, compensation of reactive power 
comes to affect in weakly regions. Second, maintaining 
voltage stability and voltage security of a network 
depends on reactive power and finally, operating 
conditions and system configuration plays a vital role on 
reactive power losses [9]. 

4. SIMULATION 

A 6- bus, 8-line transmission network has been taken for 
test pursues. It has 1 slack bus, 1 generator bus and 4 load 
bus. 

 

Fig 2. 6 bus 8-line transmission network. 

                To obtain the load flow solution of the 6-bus 
system we have developed a MATLAB program using N-R 
method of load flow solution.  The result of this load flow 
solution is given bellow. 

 

Fig 3. New estimated voltage, angle, Active and Reactive 
power 

Weakest Bus: 

The weakest bus is the bus in which the variation of 
voltage with respect to reactive component is highest. So, 
it is required to find the highest value of [∂V/∂Q] from J4 
elements in the Jacobian matrix. 

To find out the weakest bus in the system under study, the 
Jacobian matrix (J) of this system is obtained by the load 
flow analysis method. From the diagonal elements of the 
J4, the values of [∂Q/∂V] for the load buses are obtained. 
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Taking the inverse of [∂Q/∂V] the values of [∂V/∂Q] has 
been calculated for the load busses of the system.  

Table - 1:  J4 Elements 

11.733 -4.7742 -4.7742 -4.7742 -
4.7742 

0 18.633
6 

0 0 0 

0 0 10.134
9 

0 0 

-
3.0046 

-3.0046 -3.0046 13.101
5 

-
3.0046 

 -
2.9185 

-2.9185 -2.9185 -2.9185 7.482
5 

 

From the above table it is observed that the value of 
∂V/∂Q is higher in the 6TH bus (0.1336451721) i.e., bus 6 
is the weakest bus. If we increase the load to that bus then 
after a certain point the system will collapse. 

Line loss: 

The main objective is to analyze the voltage stability of 
multi-bus power network. So, it is required to first 
calculate the losses. For this, the line flow solution of the 
system from which system losses can be estimated. The 
line losses corresponding to each line in both directions 
are given in the fig 4. 

 

Fig 4. Line loss. 

The total Active and Reactive power losses can be 
calculated by simply adding the line power flows in both 
direction considering 2-bus system and are given table 
below. 

 

 

Table - 2: Active & Reactive power loss for corresponding 
8-lines 

Active Power Loss (Pl) Reactive Power Loss (Ql) 
0.2604 
1.4791 
1.4330 
1.5989 
0.0086 
0.2490 

0 
0 

1.9533 
9.8606 
7.1648 
7.9943 
0.0432 
1.2450 

12.0152 
1.0806 

                                 
So, from the above table we can identify that the loss in the 
4th (active loss) & 7TH (reactive loss) line is more than that 
of others. Now we have tried to compensate the loss by 
connecting a Transformer (a=0.8) in line 7. Although line 
susceptance is a transmission parameter, we have taken 
susceptance for furthermore decrease in losses along with 
tap-changing transformer. It has been considered that the 
half line charging of (B/2=0.02) in line 4 and 7. 

 

Fig 5. Graphical Representation of Variation of Active 
Power Loss with Half line charging & Transformer 

The active power line loss variation with half line charging 
and Transformer is shown fig 5. For the bus no 2,3 & 4. It 
can be seen that the loss is less with half line charging and 
become more lesser considering both the half line and 
transformer in the line. 
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Fig 6. Graphical Representation of Variation of Reactive 
Power Loss with Half line charging & Transformer 

The reactive power line loss variation with half line 
charging and Transformer is shown fig 5. for the bus no 
2,3,4 & 7. After considering the half line changing & 
Transformer in the line, we have seen that the line loss is 
reduced and the variation is plotted graphically.  

Total Losses:  

Here first we calculate the total losses without 
transformer and half line charging using load flow analysis 
method. Then it is required for compensate the losses. So 
initially the half line charging has been considered in 
required lines for reducing losses and for further 
compensation we connect a transformer in line. Total 
losses of the network are shown in Table III below and 
also plotted in graph.  

Table - 3: Total losses for different operation 
configuration 

Configuration Total Ploss Total Qloss 
 

Without half line 
charging & 

Transformer 

5.029 41.357 

Half line 
charging 

4.84 39.44 

Half line 
charging & 

Transformer 

3.71 31.8 

 

 

Fig 7. Graphical Representation of Variation of total 
Active & Reactive power losses of the network with 

considering Half line charging & Transformer. 

So, from the Table III & fig 7. it can be seen that the loss is 
compensated by considering half line charging and 
connecting tap changing transformer in the line. And thus, 
the total losses are reduced and the system become stable. 

To find out the voltage collapse point, the active power (P) 
of the weakest bus is increased in step keeping Reactive 
Power(Q) constant and the corresponding value of V for 
each step is obtained by load flow analysis method, from 
which a P-V curve is plotted which is shown in the fig 8. 

Here in the P-V curve three conditions/configurations has 
been taken as follows:  

 Without half line charging & Transformer i.e. 
when B/2=0, T=1, we found that here the 
breaking point is 0.98. Beyond this value, the 
voltage collapsed. 

 By considering half line changing (B/2=0.02) at 
line 4 and 7 we found that here the breaking point 
is 0.99. And beyond this value, the voltage 
collapsed again. 

 Again, by adding transformer (a=0.8) at line 7 we 
found that the breaking point is 1.5 and if the 
value is increased the voltage will get collapsed. 
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Fig 8. P-V curve considering different configuration. 

So, from the P-V curve shown in fig 8. we observed that the 
voltage is improved by adding half line changing and it 
becomes more improved by adding the transformer in the 
line. Also, the voltage collapse point gets improved and 
hence the voltage stability.  
 
5. CONCLUSION 

The target is to improve the voltage stability of a network. 
So, we calculate the active and reactive power losses of the 
system. We observed that the losses are quite high in some 
of the lines and by the power system analysis we know 
that the losses of the system reduce the voltage stability 
and voltage may become collapsed. So, to improve the 
voltage stability, it is required to compensate the losses 
and we have implemented it in this project.  So, we have 
calculated the line losses of system network by using load 
flow analysis method and by [∂V/∂Q] indicator we obtain 
the weakest bus of our 6-bus 8-line system. Now to 
minimize the losses we have considered tap changing 
transformer & half line charging to the lines which contain 
more losses. And we plot the variation of voltage & 
collapse point in the P-V curve for each condition or 
configuration. From there the losses are being 
compensated & improving voltage collapse point and thus 
improvement of voltage stability of the system network.  
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