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Abstract: The load flow study or power flow analysis is very important for planning, control and operations of 

existing systems as well as planning its future expansion. The satisfactory operation of the system depends upon 

knowing the effects of interconnections, new loads, new generating stations or new transmission lines etc., 

before they are installed. It also helps to determine the best size and favorable locations for the power 

capacitors both for the improvement of the power factor and also raising the bus voltage of the electrical 

network. They help us to determine the best locality as well as optimal capacity of the proposed generating 

stations, substations or new lines. For this work the Fast Decoupled method is used for numerical analysis. This 

type of analysis is useful for solving the power flow problem in different power systems. voltage instability takes 

on the form of a dramatic drop of transmission system voltages, which may lead to system disruption it is a 

factor leading to limit power transfer. The objective of this paper is to describe load flow studies using Fast 

Decoupled Method and voltage instability analysis using MI Power software. 
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I. INTRODUCTION 
The Load flow problem consists of calculation of voltage magnitude and its phase angle at the buses. 

And also the active and reactive lines flow for the specified terminal or bus conditions. Load flow studies are 

used to ensure that electrical power transfer from generators to consumers through the grid system is stable, 

reliable and economic. Conventional techniques for solving the load flow problem are iterative, using the 

Newton-Raphson or the Gauss-Seidel methods. Depending upon the quantities specified for the buses, they are 

classified into three types namely load bus, generator bus or voltage controlled bus and slack bus or swing bus 

or reference bus. 

 

II. BUS CLASSIFICATION 
Buses are classified according to which two out of the four variables are specified Load bus: No 

generator is connected to the bus. At this bus the real and reactive power are specified and it is desired to find 

out the voltage magnitude and phase angle through load flow solutions. It is required to specify only Pd and Qd 

at such bus as at a load bus voltage can be allowed to vary within the permissible values. 

 

 

 

 

 

 

 

 

 

 

 

 

Load Bus : In these buses no generators are connected and hence the generated real power PGi and reactive 

power QGi are taken as zero. The load drawn by these buses are defined by real power -PLi and reactive power -

QLi in which the negative sign accommodates for the power flowing out of the bus. This is why these buses are 

sometimes referred to as P-Q bus. The objective of the load flow is to find the bus voltage magnitude |Vi| and its 

angle δi 
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Generator bus or voltage controlled bus: Here the voltage magnitude corresponding to the generator voltage 

and real power Pg corresponds to its rating are specified. It is required to find out the reactive power generation 

Qg and phase angle of the bus voltage. Slack (swing) bus: For the Slack Bus, it is assumed that the voltage 

magnitude |V| and voltage phase are known, whereas real and reactive powers Pg and Qg are obtained through 

the load flow solution 

Slack or Swing Bus : Usually this bus is numbered 1 for the load flow studies. This bus sets the angular 

reference for all the other buses. Since it is the angle difference between two voltage sources that dictates the 

real and reactive power flow between them, the particular angle of the slack bus is not important. However it 

sets the reference against which angles of all the other bus voltages are measured. For this reason the angle of 

this bus is usually chosen as 0° . Furthermore it is assumed that the magnitude of the voltage of this bus is 

known. 

Now consider a typical load flow problem in which all the load demands are known. Even if the 

generation matches the sum total of these demands exactly, the mismatch between generation and load will 

persist because of the line I 
2
R losses. Since the I 

2
R loss of a line depends on the line current which, in turn, 

depends on the magnitudes and angles of voltages of the two buses connected to the line, it is rather difficult to 

estimate the loss without calculating the voltages and angles. For this reason a generator bus is usually chosen as 

the slack bus without specifying its real power. It is assumed that the generator connected to this bus will supply 

the balance of the real power required and the line losses.[7] 

 

III. Fast Decoupled Method 
The Fast Decoupled Power Flow Method is one of the improved methods, which is based on a 

simplification of the Newton-Raphson method and reported by Stott and Alsac in 1974. This method, like the 

Newton- Raphson method, offers calculation simplifications, fast convergence and reliable results and became a 

widely used method in load flow analysis. Generally the power system have very high X/R ratio[1]. Hence the 

real power changes are less sensitive to change in voltage magnitude | V | but it is more sensitive for changes in 

phase angle δ. Whereas the reactive power are more sensitive to changes in voltage magnitude and less sensitive 

for change in phase angle δ. Therefore it is reasonable to set J2 and J3 of Jacobian matrix to zero. Hence the 

equation for ΔP and ΔQ becomes: 

--------- (1) 

By solving this we get two decoupled equations which require less time to solve as compared with N-R method. 

Hence finally after solving the above equations we get, 

 

----------(2) 

 

---------(3) 

Here B′ and B″ are the bus susceptance matrixes i.e. it is imaginary part of admittance matrix Ybus. The 

bussusceptance matrix is constant and required to evaluate onlyonce at beginning of the iterations. B′ is the 

order of (n-1).For voltage regulated buses the Qi are not specified and hencethe corresponding rows and 

columns of the Ybus matrix areeliminated, hence we get B″ matrix of the order of (n-1-m)where „n‟ is the total 

number of buses and „m‟ is the numberof voltage controlled buses. The fast decoupled method requires more 

iteration than N-R method, but the time required is considerably less and we get rapidly the power flow 

solutions.[8] 

 

IV. Mi Power Software 
Mi Power is a highly interactive, user friendly windows based Power System Analysis package. It 

includes a set of modules for performing a wide range of power system design and analysis study. Mi Power 

features include a top notch Windows GUI with centralized database. Steady state, transient and electro-

magnetic transient analysis can be performed with utmost accuracy and tolerance. Designed to assess the risk of 

Voltage instability and margin of stability during sudden disturbances, under steady state conditions. It ranks the 

load busses based on the L-index value and the highest L-index indicates the system collapse point. The value of 
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L-index is zero at no load and 1 at the verge of collapsing point. Performs three-phase harmonic load flow to 

compute harmonic distortion factors. Calculates harmonic transfer and driving point impedances for both 

transmission and distribution power systems.  

 

V. SYSTEM UNDER STUDY 
Figure 1 shows the single line diagram of the system under study in MI Power software. The Transmission line 

data for the system is given in table 1.generator data in table 2. Load data in Table 3. 

 

 
[Figure.1: 5 bus system] 

 

Table.1: Transmission line data 
Line, Bus 

to Bus 

Length km Nominal 

voltage  

R in p.u. 

 
X in p.u. Charging 

MVAR 

Positive sequence 

Susceptance (B/2) 

Thermal 

rating  

1-2 64.4 138 0.042 0.168 4.1 0.0205 100 

1-5 48.3 138 0.031 0.126 3.1 0.0155 100 

2-3 48.3 138 0.031 0.126 3.1 0.0155 100 

3-4 128.7 138 0.084 0.336 8.2 0.041 100 

3-5 80.5 138 0.053 0.210 5.1 0.0255 100 

4-5 96.5 138 0.063 0.252 6.1 0.0305 100 

Susceptance B/2= ( Charging MVAR / Base MVA) / 2  

 

Table.2: Generator data 
NAME  Generator 1 Generator 2 

Manufacture reference number   111 222 

Type of modeling  Infinite Infinite 

De- rated MVA 500 225 

Specific voltage  143.52 140.76 

Scheduled  power 300 180 

Reactive power minimum 0 0 

Reactive power maximum 200 110.3 

Breaker rating 2500 2500 

 

Table.3: load data 
Load number  Load-1 Load-2 Load-3 Load-4 Load-5 

Bus number 1 2 3 4 5 

Real power in MW 65 115 70 70 85 

Reactive power in MVAR 30 60 40 30 40 

 

VI. Voltage Instability 
The state of an electric power system may be classified as either stable or unstable. The borderline of 

stability is at any condition for which a slight change in an unfavorable direction of any pertinent quantity will 

cause instability. The nature of the unstable response will depend upon the characteristics of the system and the 

operating condition. Voltage instability analysis in electric power system is one of the most important factors in 

order  to maintain the equilibrium of the power system. A power system is said to be unstable if the system is 
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not  able to maintain the voltage at all buses in the system remain unchanged after the system is being subjected 

to a disturbance.in this paper to perform voltage instability consider bus no 2, 4 and 5 of five bus system and 

plot the instability curve. In this paper to perform load flow analysis and voltage instability analysis Consider 

load variation at bus 5 for the voltage instability analysis with following data. 

 
Power  Minimum Maximum Step 

Real power (MW) 0 600 10 

Reactive power (MVAR) 0 64 4 

    

 

 
 

VII. Summary Of Result 
Load flow analysis result (Fast Decoupled method):When perform load flow studies on 5 bus system 

using fast decoupled method using Mi Power software the following result we got. 

 

 
[ Figure2: 5 bus system result with load flow analysis ] 
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Voltage instability result report: 
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VIII. CONCLUSION 
Power flow or load flow studies exhibit significant importance for power system planning and 

operation. This paper represents the load flow and Voltage instability analysis of 5 bus system using Fast 

decoupled method by MiPower software. This software helps to solve the load flow technique in an efficient 

manner andleads the system to effective utilization of power and voltage. The principal information obtained 

from the power flow study is the magnitude and phase angle of the voltage at each bus, and the real and reactive 

power flowing in each line.L(line) index is proposed as a good voltage stability indicator with its value change 

between zero (no load) and one (voltage collapse) In voltage instability analysis we get L Index value at Bus 

number 2,4 and 5 which is shown in voltage instability result report. Graphical analysis between real power and 

L Index with voltage at bus number 5 has also been depicted. 
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