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Abstract- The Unified Power Flow Controller (UPFC) is a 

typical FACTS (Flexible AC Transmission Systems) device 

that is the most sophisticated and complex power electronic 

equipment and has emerged for the control and optimization 

of power flow and also to regulate the voltage in electrical 

power transmission system. This paper propose the real, 

reactive power and voltage control through a transmission 

line by placing UPFC at the sending end using computer 

simulation. The L index is the parameter which is used to 

check the stability. Voltage stability is concerned with the 

ability of a power system to maintain acceptable voltages at 

all buses under normal conditions and after being subjected to 

a disturbance. The assessment of voltage stability has also 

become more complicated due to strengthening of power 

systems. The research work mainly dealt with performance 

analysis of IEEE-14 bus system for voltage stability, 

computation of voltage collapse point and enhancement of 

power system stability by using UPFC. 
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I. INTRODUCTION 

 

 The research work mainly dealt with performance 

analysis for voltage stability, computation of voltage collapse 

point and enhancement of power system stability by using 

UPFC of IEEE-14 bus system. The Unified power flow 

controller (UPFC) is the latest device in the FACTS family. 

Voltage sourced converter is used in the UPFC like it is used 

in the static synchronous compensator (STATCOM) and in 

static synchronous series compensator (SSSC)  as a basic 

building block. There is a huge amount of work is done in the 

past for the modeling of the UPFC for the analysis of power 

flow analysis [2, 3, 14-20]. Normally the UPFC is used to 

compensate a single transmission line. To control power 

system voltage stability we can use many methods. The 

research is made on the basis on analytical methods such as 

dynamic simulations and load-flow algorithms. The 

computation of the voltage stability margin is a lengthy 

process but this is the most useful method for determination of 

voltage stability. There are many computation methods 

developed for voltage stability analysis and in principle they 

are best suited for power system planning. On-line voltage 

stability assessment is also based on these computation 

methods. 

   

In the dissertation for on-line long-term voltage 

stability assessment an analytical approach is developed. The 

function to be approximated is the mapping between the 

operating point before disturbance and the voltage stability 

margin of the most critical congestion. Active  and  reactive  

line  flows  and  bus  voltages which are commonly measured 

in most power systems from  almost  all  lines  and  buses are 

the inputs for voltage stability assessment. The congestion can 

affect the, unit commitment, changes in the power system 

load, production, network topology, etc.  

 

The idea of the approach is to expand and generalize 

the existing and widely used line voltage stability limit “L-

index” method and to determine the uncertainty related to 

power system operation. The line voltage stability index is 

used to take into account the voltage stability condition in the 

system. The PV curve is used to determine the power system 

security limits, if more accurate and up-to-date security limits 

are used then the power system security limits can be 

increased in some situations without the fear of insecurity. 

Due to the previous reasons the power system cannot be 

stressed up to maximum limit but when the security boundary 

method is applied a relatively large reliability margin is 

needed. This margin is hardly a few per cent of total capacity. 

To allow increased power to transfers close to or beyond the 

security boundary, there should be a possibility to evaluate 

risks and uncertainties related to security limits. 
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Fig1:- Two bus system 

 

This index proposed by Moghavvemi in [14] is based 

on the model of power flow through a single line shown in 

Fig. 1 to which a power system network can be reduced, 

where the subindex S indicates the sending end and the 

subindex r denotes the receiving end. 
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This Lmn value is used to find the stability index for 

each line connection between two bus bars in an 

interconnected network. As long as the Lmn values of all pairs 

are less than 1 the system is considered stable. 

 

UNIFIED POWER FLOW CONTROLLER (UPFC) 

 

Basic principle of UPFC:  

 

As in the figure show, UPFC consist of two back to 

back converters named VSC1 and VSC2, are operated from a 

DC link provided by a dc storage capacitor. These 

arrangements operate as an ideal ac to ac converter in which 

the real power can freely flow either in direction between the 

ac terminals of the two converts and each converter can 

independently generate or absorb reactive power as its own ac 

output terminal. 

 

 
Fig2:- Principle of UPFC 

 

One VSC is connected to in shunt to the transmission 

line via a shunt transformer and other one is connected in 

series through a series transformer. The DC terminal of two 

VSCs is coupled and this creates a path for active power 

exchange between the converters. VSC provide the main 

function of UPFC by injecting a voltage with controllable 

magnitude and phase angle in series with the line via an 

injection transformer. This injected voltage act as a 

synchronous ac voltage source. The transmission line current 

flows through this voltage source resulting in reactive and 

active power exchange between it and the ac system. The 

reactive power exchanged at the dc terminal is generated 

internally by the converter. The real power exchanged at the 

ac terminal is converted into dc power which appears at the dc 

link as a real power demand and VSC1 is to supply or absorb 

the real power demanded by converter2 at the common dc link 

to support real power exchange resulting from the series 

voltage injection. This dc link power demand of VSC2 is 

converted back to ac by VSC1 and coupled to the transmission 

line bus via shunt connected transformer. in addition, VSC1 

can also generate or absorb controllable reactive power if it is 

required and thereby provide independent shunt reactive 

compensation for the line. Thus VSC1 can be operated at a 

unity power factor or to be controlled to have a reactive power 

exchange with the line independent of the reactive power 

exchanged by VSC1. Obviously, there can be no reactive 

power flow through the UPFC dc link.  

 

DETERMINATION OF STABILITY OF BUSES 

 

The test system for my research work is IEEE-14bus system 

(fig 3). 

 

To maintain the quality of power it is very important to 

maintain the quality of voltage. There are basic two causes 

through which voltage stability of the system is threatened; 

 One is contingency which arise due to scheduled 

outage, component switching in order to optimize 

power system operation, or unscheduled outage due 

to a fault. 

 Other is congestion; with increased electric power 

consumption causes transmission lines to be driven 

close to or even beyond their transfer capacities 

resulting in overloaded lines and congestions. 

 

The basis of my study for voltage stability is congestion. 

 Algorithm 

 

Step(1)  Load flow study is carried out for ieee14 (fig 3) bus 

system at base loading. 

 

 Before load flow study was carried out, a better 

understanding of bus data , Line data, is done for 

understanding loading pattern, voltage magnitude, 

voltage angle, generation capacity, reactive power 
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reserves, reactive power injection, line parameters, 

tap setting of transformer, etc. 

  After this load flow study was done using Newton-

Rapson  Load Flow using MATLAB programming 

Results for bus data and line flow is shown in Table 

1, 2,3 

 At base case L-index is calculated using equation 3 

for all 20 lines to predict the voltage stability 

condition in the system. 

 

The load flow study helps in continuous monitoring of the 

present status of the system which in turn helps in tackling the 

following problem  

 

1. The total amount of real and reactive power flow in 

the system. 

2. Transmission links can carry certain amount of power 

and which should not be close to critical values. 

3. It is necessary to keep the voltage levels of the 

certain buses within close tolerance’ which is 

possible by proper scheduling of reactive power. 

4. Load flow helps in finding out the power flow pattern 

through the system which is very helpful in assessing 

the voltage stability study. 

5. By formulating suitable load flow mathematical 

model, load flow adequately describes the 

relationship between voltage and power. 

 

Step (2) At the base case congestion is introduced by over 

loading the system in the steps of 10% and the system 

behaviour is studied. 

 

 In the base case the line loading are done by 

increasing the load at the buses and the bus data are 

obtained by running the program .  

 System behavior under these loading is studied by 

determining point of voltage collapse using L-index. 

 

There are various methods of assisting voltage stability of the 

power system as; 

 

 By enhancing generator reactive and active power 

control and voltage control, 

 By incorporating suitable compensation device. 

 By rescheduling of power system which involves 

load shedding and ATC calculation. This also known 

as The focus of my study was to analyze system 

behaviour during pre-congestion, during congestion 

and post- congestion condition. To enhance system 

voltage study reactive power compensation technique 

is used in my dissertation work.  

 

 
Fig2:- Flow chart for optimal power flow 

 

Step(3) To resolve congestion in the system using UPFC. 

 To enhance system voltage stability at the condition 

of congestion reactive power is boosted by 

connecting UPFC in accordance to the critical bus 

ranking. 

 The result active and reactive power flow after the 

installation of UPFC Voltage profile of the system is 

studied when UPFC is connected.  

 

L-index is calculated for the compensated systm. 

  

Maximum Loading Point in Power System (MLP) 

 

The critical line is identified based on congestion 

ranking of IEEE-14 bus system by NR load flow method. The 

flowchart for the ranking of all possible congestions is as 

shown in figure 1. For each line outages conditions, the MLP 

would be calculated. The Maximum Mega Watt Margin 

(MMWM) and MW Margin (MWM) are calculated by using 

the following equations 

 

Maximum Mega Watt Margin (MWM) = Pmax –   Pbase  

Mega Watt Margin (MWM) = Pimax - Pbase  

Where, Pbase --- Base case Mega Watt loading. 
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Pmax --- Maximum Mega Watt loading during without line 

outage condition. 

Pimax --- Maximum Mega Watt loading during each line 

outage of line i . 

λ= line load ability factor   

 

 
Fig 3:-    IEEE 14 BUS SYSTEM 

 

L-INDEX FORMULATION 

 

The Voltage Stability Index abbreviated by Lij and 

referred to a line is formulated in this study as the measuring 

unit in predicting the voltage stability condition in the system. 

The mathematical formulation to speed up the computation is 

very simple. 

  

 
Fig. Two-bus power system model. 

 

The Lij is derived from the voltage quadratic 

equation at the receiving bus on a two bus system . The 

general two-bus representation is illustrated in the figure. 

From the figure above, the voltage quadratic equation at the 

receiving bus is written as 
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Setting the discriminate of the equation to be greater than or 

equal to zero: 

(2) 

 

 Rearranging Eq. we obtain 
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Where: 

 

Z = line impedance 

X = line reactance, 

Qj = reactive power at the   receiving end 

Vi = sending end voltage 

 

Solution Algorithm 

 

The overall solution procedure for Newton-Raphson method 

with UPFC model can be summarized as follows. 

 

1) Read the load flow data and UPFC data. 

2) Assume flat voltage profile and set iteration count K=0 

3) Compute active and reactive power mismatch. Also, the 

Jacobian matrix using NR method equations [12]. 

4) Modify power mismatch using UPFC mathematical model 

(5.4) - (5.15). 

5) If the maximal absolute mismatch is less than a given 

tolerance, it results in output. Otherwise, go to step 6 

6) Solve the NR equations; obtain the voltage angle and 

Magnitude correction vector dx. 

7) Update the NR solution by x=x+ dx. 

8) Set K=K+1, go to step 3 

 

II. RESULTS 

 

In my study IEEE-14 bus system has been analyzed 

for voltage stability and congestion management. All the load 

buses were over loaded one at a time with a multiplying factor 

of 10% in steps. Critical bus was identified as the decrease 

order of maximum loadability in context to the line voltage 

stability index, i.e. for the bus loading when index attain unity 

value that loading is the maximum loading for that bus and the 

bus which has minimum loading is the weak bus of the system 

and the line which attain unity value for the Lmn index is the 

critical line. For that bus the results are shown in the table 6.1, 

for both real power and reactive power loading 9,4,14 buses 

are identified as weak buses. 4-9, 1-5, 13-14 are consecutive 

critical line. UPFC is connected to these lines to maintain 

stability of the system. 
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III. CONCLUSIONS 

 

In this dissertation work, the power system line 

outage analysis and contingency ranking is done based on the 

Maximum loading point. Here, load flow method is used to 

estimate the maximum loading point for each line outage 

conditions. It is observed from the results, the occurrence of 

line outage in power system results in increasing of voltage 

drop in some of buses, the possibility of change in the weakest 

bus position and change in MLP. The line outage with lower 

loading point has the higher ranks in the contingency ranking 

and identified as critical line. So, by identifying these critical 

line outages, we can take immediate necessary action to avoid 

the system voltage collapse and unwanted power system 

blackouts.  

 

Table-1: Reduction in Losses 

 
 

Table-2: Improvement in L index 

 
 

 

 

 

 

 

 

 

 

Table-3: Improvement in voltage profile 

 
 

 
Figure-Comparison of L index 

 

 
Figure-Comparisons of voltage profile 
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