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Abstract— Load flow analysis is a numerical calculation in 

electrical engineering with complex interconnected system 

focussed various parameter such as real power, reactive 

power, transmission line current, magnitude and voltage at 

each bus.  Overall parameter calculates with the use of 

MiPower in different method like gauss - seidel, newton 

raphson, and fast decoupled method. System has four bus, 

one source, and three load connected network. The three 

phase load flow analysis is performed to compute the 

unbalance in the system. 
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I. INTRODUCTION 

Load flow (power flow) analysis is the determination of 

current, voltage, active power and reactive power (volt 

amperes) at various points in a power system operating 

under normal steady state or static conditions. Load flow 

studies are made to plan the best operation and control of the 

existing system are well as to plan the future expansion to 

keep pace with the load growth. Such studies help in 

ascertaining the effects of new loads, new generating 

station, new lines and new interconnection before they are 

installed. The prior information serves to minimize the 

system losses and to provide a check on the system stability.   

 The mathematical formulation of load flow 

problem results in a set of algebraic non – linear equation. A 

lot of calculation work is involved in the solution of these 

equation. Hand computations are very tedious and time 

consuming. afterword load flow studies were made by ac 

network analysers (analog computers). analog computers 

were more time consuming and being slow and not very 

accurate to digital computer. Digital computers, because of 

greater flexibility, economy accuracy quicker operation, 

have practically replaced network analysers for the solution 

of load flow problem.   

 The flow of active and reactive power is called the 

power flow or load flow. Voltage of buses and their phase 

angles are affected by the power flow and vice versa.  

 Load flow analysis is very essential and provides 

base data for fault analysis, load forecasting, economic load 

dispatch, and contingency analysis etc. therefore accurate 

and precise load flow is very essential for overall monitoring 

of power system 

 
Fig. 1: four buses based single line diagram 

Distributed generation within distribution network affects 

network loss, the profiles of voltage, the value and direction 

of active power and reactive power significantly. Load flow 

studies are performed to calculate the magnitude and phase 

angles of voltages at the buses and also the active power and 

reactive volt amperes flow for the given terminal or bus 

conditions. The following variables are associated with each 

bus or node. 

 Magnitude of the voltage |V|  

 Phase angle of the voltage (δ) 

 Active power (P)  

 Reactive volt amperes (Q) 

Load flow analysis is used in planning and 

designing the future expansion of power system as well as 

system operation. Load flow analysis also provides steady 

state condition for other analysis such as stability studies, 

short circuit and outage security assessment. 

Single phase load flow analysis algorithm assumed 

a balanced power system operation and balanced power 

system model. There ARE many cases where the system 

unbalance cannot BE  ignored due to unbalanced loads, 

untraNsposed network in distribution system. Therefore a 

three phase load flow program that deal with unbalanced 

power system will be useful analytical tool. 

Following   methods are used for load flow analysis-  

II. GAUSS- SEIDAL METHOD  

The complexity of obtaining a formal solution for load flows 

in power system arises because of the differences in the type 

of data specifies for the different kind of buses. Although 

the formulation of sufficient equation is not difficult, the 

closed form of solution is practical. 

Due to these reason only approximate solution is 

obtained real and reactive power are given by  

 P + jQ  = VI* 

 V*I  = p – jQ 

Voltage at any bus k where pk and Qk are specified 

is given as  

Vk = 

 

    
[
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Equation (1) is the heart of the iterative algorithm. 

For k
th

 bus the voltage at the (r +1)
th

 iteration is 

given by  

Vk
(r+1) 

= 
 

 
  {
    

 
 - ∑     ∑    

     
   
   ]….(2) 

Computation of load buses- 

In term of the initial assumed voltages as follows  

V2
(1)

 = 
 

 
 {
    

 
 – Y21V1-Y23V3

(0)
-…..- Y2nVn

(0) 
....(3) 

When the corrected value of V2
(1)

 is determined, 

THEN determined V2
(1)*

. Corrected value of V2
(1)* 

is then 

substituted back into Eq. (3) in place of V2
(0)*

. Thus a new 

corrected value of V2 is obtained. This process is continued 

for a specified number of iteration. It should be noted that 
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the last iteration may not give the correct value of V since 

the corrections also dependent upon other assumed voltages.  

For all P-Q buses the criterion for convergence is 

|  |≤ ε where ε is the tolerance level. Typical values of ε 

range 0.01 to 0.001 

In the gauss – seidal method, a large number of 

iterations are required to arrive at the specified (desired) 

convergence. The rate of convergence can be increased by 

the use of acceleration factor to the solution obtained after 

each iteration. The acceleration factor is a multiplier that 

enhance correction between the values of voltage in two 

successive iteration. For the i
th

 bus, value of bus voltages 

calculated for any bus immediately replace the previous 

values in the next step while in case of gauss method as 

stated earlier.  

 
Where the matrices D, -L, and –U represented the 

diagonal, strictly lower triangular and strictly upper 

triangular parts  

III. NEWTON RAPHSON METHOD  

The power flow problem can also be solved by using 

newton-raphson method. In fact, among the numerous 

solution methods available for power flow analysis, is 

considered to be the most sophisticated and important.  

 N-R method is based on Taylor series and partial 

derivatives. Recent needs less number of iterations to reach 

convergence, takes less computer time hence computation 

cost is less and the convergence is certain. The N-R method 

is more accurate, and is insensitive to factors like slack bus 

selection regulating transformers etc. and the number 

iterations required this method is almost independent of the 

system size. 

 The drawbacks of this method are difficult solution 

technique, more calculations involved each iteration 

resulting in large computer time per iteration and the large 

requirement computer memory but the last drawbacks has 

been overcome through a compact storage theme. 

 Convergences can be considerably speeded up by 

performing the first iteration through the N-R method and 

using the values of voltages  obtained for starting the N-R 

iteration.  

The Taylor series of f(x) about the point x 

 
Keeping term only the first order  

 
The equation of the tangent line to the curve at 

 so  is the place where the tangent line 

intersects the x axis. 

 Setting  and solving for   for 

gives  

 
Provides safe convergence of newton method is 

called an approximate zero.  

IV. FAST DECOUPLED METHOD 

The fast decoupled method is very fast and efficient method 

of obtaining power flow problem solution. In this method, 

both the speeds as well as the sparsity are exploited. 

Formulated in polar coordinates with certain approximated 

which result into a fast algorithm for power flow solution. 

 This method exploits the property of the power 

system where in MW flow- voltage angle and MVAR flow 

voltage magnitude are loosely coupled. In other words a 

small change in magnitude of the bus voltage does not affect 

the real power flow at the bus and similarly a small change 

in phase angle. 

 There is a strong interdependence between reactive 

powers and voltage. Thus real power changes, (ΔP) are less 

sensitive to changes in voltage magnitude and are mainly 

sensitive to change in bus voltage angles. Similarly the 

reactive power changes (ΔQ) are less sensitive to changes in 

angles and are mainly sensitive to change in voltage 

magnitude. In other words the coupling between active 

power P and the bus voltage magnitude |V| is relatively 

weak. Similarly, the coupling between reactive power Q and 

bus voltage phase angle is also weak. This weak coupling is 

utilized iN the development of decoupled load flow (DLF) 

method iN which P is decoupled from ΔV and Q is 

decoupled from Δδ. With these assumption equation is 

reduced to  

[
  
  
] = [

    
    

] [
  
  

 

]    ………..(1) 

 Where the matrices N and M are neglected. 

Equation (1) is the decoupled equation which can be 

expanded as 
[  ] = [ ] [  ]         ………….(2) 

[  ]  [ ] [
    

   
]         ………….(3) 

We have already provide the following relations; 

L’ik = Hik = Vi VkYik sin (δi-δk-θik)   …..(4) 

Hii=-Qi-BiiVi
2 
             ………………..(5) 

L’i =Qi-BiiVi
2
              ………………..(6) 

Solve equation (2) & (3) by each iteration. The H 

and L matrices are updated in each iteration. 

FDLF method following approximations are further made in 

evaluating jacobian element – 

Cos(δi-δk) = 1 

Sin(δi-δk) = 0 

Giksinδik Bik 

Qi Bii|Vi|
2 

With these assumption, the jacobian element this 

accuracy is fairly good even for large systems. It is found 

that a good approximate solution is obtained after iteration.  

V. COMPARISON OF LOAD FLOW ANALYSIS METHOD  

The choice of a particular method of load flow analysis 

depend upon the size of the system rate of convergence, 

simplicity, computer memory etc. 

A. Advantage of Gauss Seidal (GS) Method: 

- It can be easily programmed. 

- The solution technique is simple. 

- Computer memory requirement are smaller. 

- It takes less computational time per iteration. 

B. Limitation of Gauss Seidal (GS) Method: 

 The rate of convergence is slow and therefore, larger 

number of iterations are required. The GS method 

would take hundreds of iterations to converge if a 

system with several hundred buses were too analysed. 
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 The number of iterations increase directly with the 

number of buses in the system. 

 This method is sensitive to the choice of reference 

bus. 

 The GS method is used only for the system having 

small number of buses. 

C. Advantage of Newton Raphson Method-  

 Newton raphson method possesses quadratic 

convergence characteristic. Therefore the 

convergence is very fast. 

 The number of iteration are independent of the size of 

the system. Solution to a high accuracy is obtained 

nearly always in two to three iterations for both small 

and large systems. 

 The NR method convergence is not sensitive to the 

choice of slack bus. 

 Overall there is a saving in computation time since 

fewer number of iterations are required for 

convergence. 

 Limitations of NR method-  
 The solution technique is difficult. 

 It takes longer time as the elements of the jacobian 

are to be computed for each iteration. 

 The computer memory requirement is large. 

 The NR method is more complicated than the GS 

method however, it has advantage that for outweigh its 

shortcomings of complexity. It is most reliable and powerful 

technique for solving load flow problems. 

 Although a large number of load flow methods are 

available in literature it has been observed that only the NR 

and FDLF methods are most popular. The fast decoupled 

load flow is definitely superior to the newton raphson 

method form the point of view of speed and storage. 

VI. LITERATURE REVIEW 

In the area of   three phase load flow analysis [1] has 

discussed about a novel and generalized three phase power 

flow algorithm for islanded microgrids using a newton trust 

region method, in his paper he  has proposed  algorithm  

incorporates the three phase feeder models the load 

modelling and  distribution generator (DG) modelling to  

provide proper modelling of DG units in the islanded 

microgrid  the  power flow problem has formulated without 

a slack bus. [2] have discuss about  three phase fast 

decoupled power flow for distribution   network, who  has  

given a conclusion for fast decoupled method tested on 

several  unbalanced  system. The method has shown better 

performance when compared with the known version of the 

fast decoupled as can be verified presented  and compared 

with the newton raphson method which take less 

memory.[3] discussed for three phase power flow for 

weakly meshed distribution network with distribution 

generation. based on the analysis of wind turbine, 

photovoltaic system, fuel cell storage battery high frequency 

micro turbine and power frequency model of distribution 

network backward and forward sweep is improved. [4] here 

analyse for hybrid three phase load flow method for 

ungrounded distribution system in which the topology of the 

distribution system is partitioned into a mainline system and 

set a tap system. The tap System  are solved by a 

backward/forward sweep scheme with loop compensation, 

in which line-to-line voltage based voltage regulator and 

transformer parameters are used, and both line models and 

the calculation of initial loop compensation currents are 

simplified to speed up the solution procedure.[5] discussed 

for fast three phase load flow method on the sequence 

decoupling compensation model of unsymmetrical 

transmission line, three phase coupled network can be 

decoupled into three independent network in positive, 

negative and zero sequence reference frame thus both the 

computation time and the memory space required for three 

phase unbalanced power system analysis can be reduced. [6]  

Derive for unbalanced three phase optimal power flow for 

smart grid. Author described an unbalanced three phase 

optimal power flow (TOPF) methodology based on the 

quasi –newton method and an open-source load-flow code 

for distribution systems. The proposed methodology is 

general enough to solve several optimization problems 

during operation of distribution networks. The approach also 

showed good convergence performances in the presence of 

different sets of objective functions and control resources. 

After going through the above literature review in 

order to check the accuracy & time of convergence of above 

methods I will be using  Mipower software for different 

unbalance condition in power system . 

MiPower software is used for doing the comparative study 

of  above mention  methods. MiPower is highly interactive, 

user friendly windows based power system analysis 

package. It includes a set of module for performing a wide 

range of power system design and analysis study. MiPower 

feature include a top notch windows GUI with centralised 

database steady state, transient and electro-magnetic 

transient analysis can be performed with almost accuracy 

and tolerance.    

VII. CONCLUSION 

Comparative study and literature review of three phase  

analysis has been done. Results and research data will be 

taken as reference for three phase load analysis under 

various unbalanced condition  

Presented with MiPower load flow analysis the 

phenomenon of multiple solutions in unbalanced three phase 

circuits. It was found that the solutions are dependent on the 

degree of network. For any specific unbalance parameter, a 

pair of solutions exists: some are real, some are conjugate 

complex numbers. There also exist points that the multiple 

solutions merge into one, such as when the degree of 

unbalance becomes zero. Based on experiences on running 

many unbalanced power flow cases, it seems that systems 

without solidly grounded neutrals will encounter multiple 

solution situations. Although the individual phase constant 

power loads are the main cause of multiple solutions 

investigated in this paper, we have recently found that 

commonly accepted three-phase generator models could 

also lead to multiple solutions. The power flow generally 

converges and what conditions govern the convergence 

characteristics. above comparison and of various method 

will help in further research work.   
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