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Abstract: Optimum power flow studies to minimize either the power distribution losses or the cost of power drawn from the
substation, without affecting on the voltage regulation. This paper discusses the concept of Gauss Seidel method to be used with
load flow analysis control for stability of large power systems. Voltage Stability has become an important issue of power system
stability. This paper work concentrates on simple and efficient load flow analysis of radial distribution system for finding voltage
magnitudes and also the voltage profile. This load flow study of radial distribution system network is of prime importance for
effective planning of load transfers. Power companies are interested in finding the most efficient configuration for minimization
of real power losses and load balancing among distribution feeders to save energy and enhance the overall performance of the
distribution system. This test has been performed on the 33, 34 and 69 bus systems with the use of MATLAB software.

Keywords: power flow studies, power distribution, voltage regulation, Gauss Seidel method, Voltage profile, distribution systems.

I. INTRODUCTION
In general, power systems are designed to work with unidirectional power flow due to the lack of power source, except for the main
generating power plants. In the meanwhile, the introduction of distributed generation has changed the fundamental way of the
operation in the power system distribution network from passive to active network. Distributed generation can effectively function
in the distribution system in order to give additional support to the main grid by satisfying load demand, enhancing voltage profile,
improving reliability and reducing power losses .The reduction of power losses is very important to maintain the efficiency of the
distribution system. There are several approaches to overcome the power losses problems such as network reconfiguration as well as
capacitor installation. However, the benefits of these approaches can be achieved if they are carefully coordinated in the distribution
system.
Load flow studies are important in planning and designing future expansion of power systems. The study gives steady state
solutions of the voltages at all the buses, for a particular load condition. Different steady state solutions can be obtained, for
different operating conditions, to help in planning, designing and the operation of the power system. Generally, load flow studies are
limited to the transmission system, which involves bulk power transmission. The load at the buses is assumed to be known. Load
flow studies throw light on some of the important aspects of the system operation, such as: violation of voltage magnitudes at the
buses, overloading of lines, overloading of generators, stability margin reduction, indicated by power angle differences between
buses linked by a line, effect of contingencies like line voltages, emergency shutdown of generators, etc. Load flow studies are
required for deciding the economic operation of the power system. They are also required in transient stability studies. Hence, load
flow studies play a vital role in power system studies. Thus, the load flow problem consists of finding the power flows (real and
reactive) and voltages of a network for given bus conditions. At each bus, there are four quantities of interest to be known for further
analysis: the real and reactive power, the voltage magnitude and its phase angle. Because of the nonlinearity of the algebraic
equations, describing the given power system, their solutions are obviously, based on the iterative methods only. The constraints
placed on the load flow solutions could be based on the selection of various parameters such as initial values, acceleration factor,
etc. The buses are classified into different types based on the specifies and the unspecified variables at a given bus, they are Slack
bus, Generator bus and the Load bus.
Slack bus also called as the swing or reference bus, in which a power system absorbs or emit the active or reactive power from the
power system. The slack bus does not carry any load. At this bus, the magnitude and phase angle of the voltage are specified. The
phase angle of the voltage is usually set equal to zero. The active and reactive power of this bus is usually determined through the
solution of equations. Generator bus is also called the P-V bus, and on this bus, the voltage magnitude corresponding to generate
voltage and true or active power P corresponding to its rating are specified. Voltage magnitude is maintained constant at a specified
value by injection of reactive power. The reactive power generation Q and phase angle § of the voltage are to be computed. It is the
also called as the voltage controlled bus.
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Load bus is also called the P-Q bus and at this bus, the active and reactive power is injected into the network. Magnitude and phase
angle of the voltage are to be computed. Here the active power P and reactive power Q are specified, and the load bus voltage can be
permitted within a tolerable value, i.e., 5 %. The phase angle of the voltage, i.e. is not very important for the load.

The slack or swing bus is usually a PV-bus with the largest capacity generator of the given system connected to it. The generator at
the swing bus supplies the power difference between the "specified power into the system at the other buses™" and the "total system
output plus losses”. Thus swing bus is needed to supply the additional real and reactive power to meet the losses. Both the
magnitude and phase angle of voltage are specified at the swing bus, or otherwise, they are assumed to be equal to 1.0 p.u. and 00,
as per flat-start procedure of iterative solutions. The real and reactive powers at the swing bus are found by the computer routine as
part of the load flow solution process. It is to be noted that the source at the swing bus is a perfect one, called the swing machine, or
slack machine. It is voltage regulated, i.e., the magnitude of voltage fixed. The phase angle is the system reference phase and hence
is fixed. The generator at the awing bus has a torque angle and excitation which vary or swing as the demand changes. This
variation is such as to produce fixed voltage.
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Fig.3. 69 Bus Distribution Systems

Il. LOAD FLOW ANALYSIS
A. Introduction
Load flow analysis is the most important and essential approach to investigating problems in power system operating and planning.
Based on a specified generating state and transmission network structure, load flow analysis solves the steady operation state with
node voltages and branch power flow in the power system. Load flow analysis can provide a balanced steady operation state of the
power system, without considering system transient processes. Hence, the mathematic model of load flow problem is a nonlinear
algebraic equation system without differential equations.
The definition of a load flow study, or power flow studies, is a numerical analysis of the flow of electric power in any electrical
system. A load flow study is also an assessment of the steady-state conditions of the electrical system. Its goal is to determine the flow
of power, current, voltage, real power and reactive power in a system under any load conditions. During the design phase of a new
project or when evaluating changes and additions to existing electrical system, a load flow study is necessary to ensure system
voltages and current remain within safe limits and whether additional equipment or services will be required. The load flow study is
one of the most difficult studies in the power systems studies. This study evaluates the ability of the system to adequately supply loads
while remaining within required voltage and current ranges. The power flow study report will determine voltage and power factor
across all buses, as well as current or power flow across all feeders.

B. Things to remember before load flow
1) Load flow study is the steady state analysis of power system network.

2) Load flow study determines the operating state of the system for a given loading.

3) Load flow solves a set of simultaneous non-linear algebraic power equations for the two unknown variables (V| and £9) at each
node in a system.

4) To solve non-linear algebraic equations, it is important to have fast, efficient and accurate numerical algorithms.

5) The output of the load flow analysis is the voltage and phase angle, real and reactive power (both sides in each line), line losses
and slack bus power.

©NRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 3869



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 10 Issue VI June 2022- Available at www.ijraset.com

C. Load flow steps

The study of load flow involves the following three steps:

1) Modeling of power system components and network.

2) Development of load flow equations.

3) Solving the load flow equations using numerical  techniques.

D. Methods in Load Flow Analysis

There are three methods for calculating the power systems data:

1) Gauss-Seidel System is one of the most common types of  analysis. The advantages of this system are its simplicity in
operation, limited computational power required, and less time to complete. It takes less computational time per iteration. The
only disadvantage here is that the number of iterations with the increase in the number of buses.

2) Newton—Raphson method is a more sophisticated method, using the quadratic convergence, and can be used for more complex
situations. This method takes fewer iterations to reach convergence, and therefore also takes less computer time. It also is more
accurate since it is less sensitive to complicating factors such as slack bus selection or regulation transformers. One
disadvantage is that programming can be complicated and requires a large computer memory.

3) Fast decoupled load flow method is that it uses less computer memory. The speed of calculation is 5x faster than the Newton—
Raphson method, making it a popular choice for real-time management of power grids. However, it can be less accurate since
assumptions are used to obtain fast calculations. Since it is more difficult to change this computer program to look for other
problems such as power system security or flow, its scope is limited.

E. Ways to perform Load flow analysis
There are two ways to perform load flow studies
e Mathematical Analysis
e  Software Analysis
Mathematical Analysis

N
1 [(P—JjQ -

Vi = Y_ T - Z Yknv;l(L)
Kk k ~

There are number of steps to be done while mathematically analyse the load flow. They are

1) Step -1 — Represent the system by its single-line diagram.

2) Step 2 — Convert all quantities to per unit

3) Step 3 — Draw the impedance diagram.

4) Step 4 — Obtain the Ybus matrix.

5) Step 5 — Classify the buses (swing bus, or generator bus, or load buses)

6) Step 6 — Start answering the missing variables, by assumptions (unless it is specified otherwise).

7) Step 7 — Find approximations for the real and reactive power that we are given, using the assumed and given values for
voltage/angles/admittance.

8) Step 8 — Write the Jacobian Matrix for the first iteration of the Gauss Seidel Method.

9) Step 9 — Solve for the unknown differences, use Crammers Rule.

10) Step 10 — Repeat step 7 — 9 iteratively until we obtain an accurate value.

F. Software Analysis

Power system analysis software is an excellent tool for studying power systems, but should not be used as a substitute for
knowledge and experience. There are much software that are available to help to analyse the load flow, such as ETAP,
SKM, MATLAB, PSS, Neplan, and the others. Using software simplifies the carrying out of a load flow study. However, the
selection of input data required, level of detail to model, verification and interpretation of the output and utilising this to achieve the
required design still requires the input of a skilled electrical engineer. Software is utilized in most of the realistic or real-time
conditions since they are easier. In doing this, the electrical engineer builds a network of nodes interconnected by admittances
(impedances).
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11l. IMPORTANCE OF LOAD FLOW ANALYSIS
Power flow studies are very helpful when making future plans by considering and analyzing various hypothetical situations related

to electricity. For example, if the transmission line is to be removed from the system for maintenance, is the remaining line capable
of serving the load without exceeding its rated value? A load flow study will answer this.
Power flow studies are performed to determine voltages, active and reactive power etc. at various points in the network for different
operating conditions subject to the constraints on generator capacities and specified net interchange between operating systems and
several other restraints. Power flow or load flow solution is essential for continuous evaluation of the performance of the power
systems so that suitable control measures can be taken in case of necessity. In practice it will be required to carry out numerous
power flow solutions under a variety of conditions.
Through load flow studies we can get information about the voltage level (V) and the voltage phase angle () on each bus under
steady-state conditions. This is important because the magnitude of the bus voltage must be maintained within a defined limit. After
the bus angle and voltage level are calculated using the power flow, the magnitude and deviation of the reactive (Q) and real (P)
power through each lines can be calculated. Also based on the difference between the power flow at the sending and receiving ends,
the losses in a given line can also be calculated. In addition, we can also find out more and less load status. Power flow solutions are
essential for continuous evaluation of power system performance so that appropriate control measures can be taken if required.
Load or power flow analysis is essential for the operation of the power system under current operating conditions, up-grading and
future capacity expansion. The load flow studies also help us in determination of the best location as well as optimal capacity of the
proposed generating stations, substations and new lines. Thus load flow studies are very important for planning existing system as
well as its future expansion.

IV. GAUSS SEIDEL METHOD
A. Bus Admittance Matrix
Bus admittance matrix is often used in power system studies. In most of power system studies it is necessary to form Y-bus matrix of
the system by considering certain power system parameters depending upon the type of analysis. For example in load flow analysis it
is necessary to form Y-bus matrix without taking into account the generator impedance and load impedance. In short circuit analysis
the generator transient reactance and transformer impedance taken in account, in addition to line data. Y-bus may be computed by
inspection method only if there is no natural coupling between the lines. Shunt admittance are added to the diagonal elements
corresponding to the buses at which these are connected. The off diagonal elements are unaffected. The equivalent circuit of tap
changing transformer may be considered in forming[y-bus] matrix. Impedances are expressed in per unit on a common MVA base
and for simplicity resistance are neglected. Since the nodal solution is based upon Kirchhoff*s current law, impedances are converted
to admittances,

Yl 1 Yl 2 - Yl n

Y- Y- — Y-
Yb us — il iz . in

Yn 1 Ynz 2 Ynn

I = YysV

B. Gauss Seidel Method

The Gauss-Seidel (GS) method is an iterative algorithm for solving a set of non-linear algebraic equations. To start with, a solution
vector is assumed, based on guidance from practical experience in a physical situation. One of the equations is then used to obtain
the revised value of a particular variable by substituting in it the present values of the remaining variables. The solution vector is
immediately updated in respect of this variable. The process is then repeated for all the variables thereby completing one- iteration.
The Gauss-Seidel algorithm is an iterative numerical procedure which attempts to find a solution to the system of linear equations
by repeatedly solving the linear system until the iteration solution is within a predetermined acceptable bound of error. It is a robust
and reliable load flow method that provides convergence to extremely complex power systems. The iterative process is then
repeated till the solution vector converges within prescribed accuracy. The convergence is quite sensitive to the starting values
assumed' Fortunately, in a load flow study a starting vector close to the final solution can be easily identified with previous
experience. To explain how the GS method is applied to obtain the load flow solution, let it be assumed that all buses other than the
slack bus are PQ buses. We shall see later that the method can be easily adopted to include PV buses as well. The slack bus voltage
being specified, there are (n - 1) bus voltages starting values of whose magnitudes and angles are assumed. These values are then
updated through an iterative process.
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C. Bus Data
The bus data includes the bus number, bus type i.e., generator bus or the load bus. The bus number 1 is taken as the reference or the
slack bus. The active power and the reactive power are given in megawatts.

Table.1.Bus Data of the Enhanced IEEE 33 Bus Distribution Test System

Bus Bus Active | Reactive | Minimum
Number | Type Demand | Demand | Voltage
(MW) (MV (p.u.)
AR)

1 1 0 0 1
2 3 0.1 0.06 1.05
3 3 0.09 0.04 1.05
4 3 0.12 0.08 1.05
5 3 0.06 0.03 1.05
6 3 0.06 0.02 1.05
7 3 0.2 0.1 1.05
8 3 0.2 0.1 1.05
9 3 0.06 0.02 1.05
10 3 0.06 0.02 1.05
11 3 0.045 0.03 1.05
12 3 0.06 0.035 1.05
13 3 0.06 0.035 1.05
14 3 0.12 0.08 1.05
15 3 0.06 0.01 1.05
16 3 0.06 0.02 1.05
17 3 0.06 0.02 1.05
18 2 0.09 0.04 1.05
19 3 0.09 0.04 1.05
20 3 0.09 0.04 1.05
21 3 0.09 0.04 1.05
22 2 0.09 0.04 1.05
23 3 0.09 0.05 1.05
24 3 0.42 0.2 1.05
25 2 0.42 0.2 1.05
26 3 0.06 0.025 1.05
27 3 0.06 0.025 1.05
28 3 0.06 0.02 1.05
29 3 0.12 0.07 1.05
30 3 0.2 0.6 1.05
31 3 0.15 0.07 1.05
32 3 0.21 0.1 1.05
33 2 0.06 0.04 1.05
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D. Branches Data
The branch data includes the branch number, the from bus and the to bus along with their resistance and reactance values in ochms.

Table.2. Branch Data of the Enhanced IEEE 33 Bus Distribution Test System

From To R(Q) X(Q)
Bus Bus
1 2 0.0922 0.047
2 3 0.493 0.2511
3 4 0.366 0.1864
4 5 0.3811 0.1941
5 6 0.819 0.707
6 7 0.1872 0.6188
7 8 0.7114  0.2351
8 9 1.03 0.74
9 10 1.044 0.74
10 11 0.1966 0.065
11 12 0.3744  0.1238
12 13 1.468 1.155
13 14 0.5416 ( 0.07129
14 15 0.591 0.562
15 16 0.7463 0.545
16 17 1.289 1.721
17 18 0.732 0.574
2 19 0.164 0.1565
19 20 1.5042 1.3554
20 21 0.4095 1.4784
21 22 0.7089 0.9373
3 23 0.4512 0.3083
23 24 0.899 0.7091
24 25 0.123 0.7011
6 26 0.203 0.1023
26 27 0.2842 0.1447
27 28 1.045 0.9337
28 29 0.8042 0.7006
29 30 0.5075 0.2585
30 31 0.9475 0.963
31 32 0.3105 0.3619
32 33 0.341 0.5302

V. OBJECTIVES AND PURPOSES OF LOAD FLOW STUDIES
The objective of load flow calculations is to determine the steady-state operating characteristics of the power system for a given

load and generator real power and voltage conditions. Once we have this information, we can calculate easily real and reactive
power flow in all branches together with power losses.

The other objectives of load flow studies are so that you are able to plan ahead and account for different hypothetical situations. For
instance, let’s say a transmission line must be taken offline for maintenance reasons, are the lines that are remaining going to be able
to handle the required loads without their rated values being exceeded.
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So that load flow studies are commonly used to investigate:
e Component or circuit loading

e Bus voltage profiles (magnitude, phase angle, etc)

e Real and reactive power flow

e  Power system losses

e  Proper transformer tap settings

Conducting a load flow study using multiple scenarios helps to ensure that the power system is adequately designed to satisfy

desired performance criteria for the most economical expenditure of initial capital investment and future operating costs.

The power flow (or load flow) studies are the essential and vital part of power system studies. Data about active and reactive power

flows through the branches and the bus voltage under steady state is required by power system engineers. Power flow study provides

such data. Power flow studies are extremely important and essential for power system planning, designing, expansion design and for

providing guidelines to control room operating engineers (power controllers) in the following activities:

1) Providing operating instructions to generating station and substation control rooms for loading, reactive power compensation
relay settings, tap-setting and switching sequence. Selecting optimum settings of over-current relays.

2) Analyzing the effect of rearranging the circuits on the power flows, bus voltages.

3) Preparing software for online operation, control and monitoring of the power system.

4) Analyzing the effect of temporary loss of generating station or transmission path on the power flow.

5) Knowing the effect of reactive power compensation on bus voltages.

6) Calculation of line losses for different power flow conditions.

7) Evaluation of the operating performance of a power system under normal steady state.

8) Planning expansion of system. Introducing HVDC line, inter-connection, EHV ac lines etc.

9) Obtaining initial input data for various other power system studies such as economic load dispatch, reactive power and voltage,
control, state estimation, fault calculations, generation planning, transmission planning etc.

VI. RESULTS AND DISCUSSIONS
The analysis is done through the MATLAB software. The minimum voltage points are found through the voltage profiles for the 33,

34 and 69 bus system. This can be used for various distribution systems operations and planning studies that include the
reconfiguration of the system. The voltage profiles of the test system at all the buses for the power flow and the optimum power
flow are presented below:

11

08} _

0.7} .

Voltage(p.u.)

06 4

05} -

04 1 1 1 1
0 5 10 15 20 25 30 35

Bus Number

Fig.4. Simu-link results of 33 BUS DISTRIBUTION SYSTEMS

Figure 4 is the voltage profile of an IEEE 33 bus distribution system. Here, the minimum voltage is found to be 0.4989 p.u. at bus
number 25. Therefore, the minimum voltage is 6.3160 kV.

©NRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 3874




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 10 Issue VI June 2022- Available at www.ijraset.com

09

08

0.7

06

05

Voltage(p.u.)

04t

03

02

01

0 5 10 15 20 25 30 35

0 1 1

Bus Number

Fig.5. Simu-link results of 34 BUS DISTRIBUTION SYSTEM

Figure 5 is the voltage profile of an IEEE 34 bus distribution system. Here, the minimum voltage is found to be 0.0348 p.u. at bus
number 27. Therefore, the minimum voltage is 0.3828 kV.
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N : : :
o 10 20 30 40 50 60 70
Bus Number

Fig.6. Simu-link results of 69 BUS DISTRIBUTION SYSTEM

Figure 6 is the voltage profile of an IEEE 69 bus distribution system. Here, the minimum voltage is found to be 0.1119 P.U. at bus
number 53. Therefore, the minimum voltage is 1.4166 kV.

VII. CONCLUSIONS
Load flow studies are essential for determining the operation of the excitation system. Load flow studies give us the bus voltage

magnitude and phase angle of the voltage at each bus and power flow on the transmission lines and on the buses. From Gauss Seidel
method, it is clear that it is used to reduce power losses by improving the voltage values in the system. We can solve the non-linear
equations with simple technique. With the help of Gauss-Seidel method we can get the accurate results through iterations. We can
solve the load flow equations with the Mat lab coding because it is very fast and we can get real and reactive power and voltage
magnitude through some steps. The Gauss-Seidel algorithm is an iterative numerical procedure which attempts to find a solution to
the system of linear equations by repeatedly solving the linear system until the iteration solution is within a predetermined
acceptable bound of error. It is a robust and reliable load flow method that provides convergence to extremely complex power
systems. In this paper, the case studies and numerical analyses are mainly directed on fundamental studies, such as power flow
analysis.
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