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Abstract: In recent years, the need for electrical energy has increased in parallel with the technological developments, while the fact 

that raw energy resources cannot be activated at the same rate has made it necessary to make the most of the energy resources in the 

circuit. In order to ensure that consumers are distributed in different regions with power plants and to ensure optimum operating 

efficiency in energy systems, interconnected networks are formed by connecting different power systems. Nowadays, electrical energy 

exchanges between some countries have caused interconnection networks of these countries to be connected to each other. Thus, the 

problems that arise during the planning and operation of the growing networks in terms of the qualities and dimensions of the 

electrical engineers are increasingly complex and require the use of computers. Nowadays, in the analysis of large-scale networks, a lot 

of time and excessive memory requirement problems are encountered. To this end, new methods are being introduced in the 

formulation of networks to provide some convenience in computer calculations, and studies on this subject are still intense. In this 

study, load flow analysis was performed by using the program developed in MATLAB environment. Newton Rapson and Gauss Seidel 

methods were used in the analysis and the results for the same busbar systems were compared. 
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1. Introduction 
 

The growth and complexity of electrical energy systems has 

revealed the necessity of detailed studies in the planning 

stages. Inefficient planning and operation of a network leads 

to cost loss. The use of renewable resources such as wind and 

solar energy has been brought to the agenda as well as the 

resources that cannot meet the need. 

 

The acceleration and development of the electrical industry is 

increasing in parallel with the development of the 

mathematics and computer sector. The main way to solve any 

problem in a mixed system is to work on an analog or 

mathematical model. As well as the optimal operation of 

existing power systems, the main information obtained in 

load flow analysis studies in terms of planning developments 

that may occur in the future is the amplitude, phase angle and 

active and reactive forces flowing on each line. In addition, 

additional information about power system operation (short 

circuit analysis, stability etc.) can be obtained from computer 

outputs. 

 

As a result of the rapid developments in computers, the 

methods used in the analysis had to be replaced by computer 

analysis methods. The speed, reliability and high precision of 

the computers have quickly become the most widely used 

tool in the analysis of power systems and, in particular, in 

load flow analysis. The use of computers in the analysis of 

power systems as well as numerical analysis methods has 

come to the fore. These methods are Newton-Raphson and 

Gauss-Seidel.  

 

2. Definition of Load Flow Problem 
 

The following definition of the load flow problem is the most 

general definition, since it covers the most simple and 

practical situations. The load flow problem means finding the 

voltages and power flow in the network. The values that must 

be known in order to solve the problem are obtained from the 

load dispatch center of the network. 

 

It is assumed that the busbars, loads and power plants are 

divided into two as load and production busbars. The active 

and reactive power in the load busbars is known as how the 

active power need of the network is distributed among the 

power plant and the voltage amplitudes of the power plant 

are centered on the load distribution center. Therefore, these 

values are used as the data of the problem. What is left is the 

complex tension in each bus, the reactive productions of the 

power plant and how the power is distributed to the lines. 

They constitute the unknowns of the problem. 

 

It is not necessary to know the other features of the power 

plants and loads in the load flow study. They are shown as 

currents in busbars. In this way, the problem of load flow is 

reduced to the circuit, which consists of busbar and lines of 

the network, which is known and unknown to the node 

current and voltages. The solution must provide active and 

reactive powers and voltage amplitudes in some busbars. 

After the solution is obtained, it is determined whether the 

conditions and voltage of the load busbars, transformers, 

loading of synchronous generators, voltage level at each 

point of the system and phase differences between voltages 

are ensured. The load flow is the first step in short-circuit and 

stability studies other than its own benefits. 

 

3. Load Flow Analysis Data and Oscillation 

Bus Concept 
 

YBARA and ZBARA matrices can be used in load flow 

analysis. Because the ZBARA matrix is more suitable for 

short circuit analysis, YBARA matrix is used for load flow 
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analysis. The YBARA matrix can be obtained by taking the 

single line diagram of the system and considering the serial 

impedances and shunt admittances of the transmission lines. 

For each analysis, the operating conditions must always be 

determined, and all other busbars, except for a bus, should be 

defined as the active power entering the grid. The power 

drawn by the load is the negative force entering the system. 

The other input powers are positive and negative powers 

coming from the generators and the system. Furthermore, the 

amplitude of the reactive power or voltage flowing into the 

system must be described in each of these busbars. The 

solution of the load flow problem on the computer is 

mathematically precise. Accurate solution can be obtained 

within the calculation accuracy limits. At this point, it is 

necessary to make an addition to the above definition of the 

load flow. It is impossible to know the active production of 

all power plants in the network, even if it can be estimated 

very close in practice. This is because line losses are not 

known. Therefore, one of the active busbar power is 

unknown and it is necessary to achieve this at the end of the 

solution. For this, a production busbar is selected and this bus 

is called the slack busbar. It is not necessary to choose the 

polling bus from the production busbars. The active power of 

the oscillation bus is variable and its value is equal to the 

active production of other plants and the difference between 

the active loads and the total of the active losses. While 

enumerating the busbars in the network, it is useful to give a 

number to the oscillation busbar and to take the voltage here 

as a phase reference of other voltages is not necessary for 

solution. 

 

The choice of the oscillation bus may in some cases affect 

convergence considerably. As a general rule, the oscillation 

busbars are selected in the electrical center of the circuit or 

from busbars in which a plurality of lines are connected. 

These rules are completely empirical. 

 

4. Load Flow Analysis Methods 
 

4.1 Newton-Raphson Method: 

 

In this method, the correction in the function is brought to 

zero by error correction for the argument associated with the 

function. The function x is opened to the Taylor series in 

order to get the error to zero. The expansion of the functions 

of two or more variables into the Taylor series is the basis of 

the Newton-Raphson method. The opening of the y-function 

y = f (x) to the Taylor Series is as in equation (1) [1]: 

 
Partial derivatives (Y.D.T.) which are larger than first order 

are ignored when opening to Taylor series and x is obtained 

when unknown  (2) is taken. 

 
 

In Equation  (2),  if  x(i) and  x(i + 1) are replaced by  x(i) 

instead of  x0 (3)  [2]. 

 
The NxN dimensional J(i) matrix is known as the Jacobian 

matrix and is defined as in (4). 

 
In the solution, since the solution of the linear equation 

system is preferred instead of the matrix inverse, the equation 

obtained from (3) is converted into the following iteration 

relation. 

 
 
From this equation, ∆x(i) is calculated from the unknown 

vector and the new value of x(i+1) is found from (6). 

 

In the solution, the initial values x(0) are selected and 

iteration is continued until the stop criterion in (7). 

 
 

The ε number in the equation shows a selected tolerance 

value. 

 

4.2 Gauss-Seidel Method: 

 

The Gauss-Siedel method was developed based on the 

Gaussian method for the solution of nonlinear algebraic 

equations [3]. This method is based on the termination of the 

calculation when the difference between the busbar voltages 

calculated in a n-bus power system and the busbar voltages in 

the previous iteration is smaller than the error value specified 

by the user. Using the power expression of each busbar i. The 

current and voltage values of the busbar shall be as in 

Equation (8) and Equation (9) [4]. 

 

 
 
Equation (8) refers to the Ii busbar current, the Pi busbar 

active power, the Qi busbar reactive power, the last 

calculated voltage value corresponding to the Vi
*
 i busbar. In 

Equation (2), Vi stands for busbar voltage, the variability of 

the Yii busbars, the admintance between the Yik i and k 

busbars, and the last calculated voltage value for the Vk bus 

or the estimated voltage if no iterations are made to the 

busbar [5]. Equation (10) obtained when Equation (8) is 

replaced in Equation (9) is used for each iteration of busbar 

voltages. 
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4.3 Fast-Decoupled Method 

 

Calculations can be accelerated by making a number of 

omissions in the Jacobian matrix in the Newton-Raphson 

method. The Fast-Decoupled method is based on the fact that 

the dependence of the reactive power on the phase angle (J3) 

and the dependence on voltage (J2) of the active power in the 

Jacobian matrix are neglected and the load flow analyzes are 

performed . The systems of equations obtained in this case 

are given in Equations (11) and (12). In addition, the fast-

decoupled method to shorten the calculation time of the 

Jacobian matrix is created according to the initial conditions 

and kept constant during the computation period is called the 

fixed Jacobian Fast-Decoupled method. 

 
 

5. Load Flow Analysis with the Help of 

MATLAB Program 
 

In this study, Gauss-Seidel, Newton-Raphson methods and 

IEEE's 6, 14 and 30 bar test systems are used for load flow 

analysis at MATLAB environment. The voltages of the 

busbars in each busbar system, the amount of load, the load 

flow and losses from one busbar to another, the total loss 

power values in the system were calculated. When the 

program is run, it will ask us which bus system to choose 

from (Newton-Rapson or Gauss-Seidel). Then the program 

shows the results. As a sample application, 14 busbar system 

was chosen and Newton-Rapson and Gauss-Seidel methods 

were compared. 

 

5.1 IEEE 14-Busbar System Selection 

 

If Gauss-Seidel method is selected from the load flow 

analysis methods by selecting the 14 busbar system when the 

program is run, the following results are obtained: 

 

Table 1: Load and output powers according to busbar 

numbers (Gauss-Seidel Method) 

 
 

 

Table 2: Line flow and line loss powers 

 

 
 

If Newton-Raphson method is selected from the load flow 

analysis methods by selecting the 14 busbar system when the 

program is run, the following results are obtained: 
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Table 3: Load and output powers according to busbar 

numbers (Newton-Raphson method) 

 
 

Table 4: Line flow and line loss powers 

 

 
 

6. Result 
 

In this study, 6, 14 and 30 bar test systems of IEEE were 

modeled in Matlab environment and load flow calculations 

were made according to Gauss-Seidel and Newton-Raphson 

methods and their results were compared. As a result of load 

flow analysis; As the tolerance values decreased, the 

maximum number of iterations occurred in the Gauss-Seidel 

method compared to the Newton-Raphson method. As the 

number of busbars increases, the number of iterations in the 

Gauss-Seidel method increases. In the Newton-Raphson 

method, the computation time was the highest and the Gauss-

Seidel calculated lower calculation times. Due to the 

complexity of the Jacobian matrix for each iteration, the 

Newton-Raphson method has more computation time. In both 

of the load flow analysis methods, the forces produced by the 

generators according to the load demands in the busbars were 

calculated as close values. As a result, Gauss-Seidel method, 

the number of iterations is too high and the tolerance value 

decreases with the increase in losses due to the best results 

for all busbar systems were obtained by the Newton-Raphson 

method. 
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