International Journal of Electrical Engineering.

ISSN 0974-2158 Volume 9, Number 2 (2016), pp. 127-138
© International Research Publication House
http://www.irphouse.com

Comparison between Different Load Flow
Methodologies by Analyzing Various Bus Systems

Archita Vijayvargia
Research Scholar, Department of Electrical Engineering,
Rajasthan Technical University, Rawatbhata Road,
Kota - 324010, Rajasthan, India.

Sweety Jain
Research Scholar, Department of Electrical Engineering,
Rajasthan Technical University, Rawatbhata Road,
Kota - 324010, Rajasthan, India.

Sneha Meena
Research Scholar, Department of Electrical Engineering,
Rajasthan Technical University, Rawatbhata Road,
Kota - 324010, Rajasthan, India.

Vinita Gupta
Research Scholar, Department of Electrical Engineering,
Rajasthan Technical University, Rawatbhata Road,
Kota - 324010, Rajasthan, India.

Mahendra LalwaniP
Associate Professor, Department of Electrical Engineering,
Rajasthan Technical University, Rawatbhata Road,
Kota - 324010, Rajasthan, India.

Abstract

Load flow study is a numerical analysis of the flow of power in an inter-
connected power system. This analysis has been done at the state of planning,
operation, control and economic scheduling. Results of such an analysis have
been presented in terms of active power, reactive power, voltage magnitude
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and phase angle. Steady state active power and reactive power supplied at a
bus has been expressed as non-linear algebraic equations. Iterative methods
have been required for solving these equations. Objective of this paper is to
develop a MATLAB program to calculate voltage magnitude and phase angle,
active power & reactive power at each bus for IEEE 6, 9, 14, 30 and 57 bus
systems. In this paper three methods for load flow analysis: Gauss-Siedel
method, Newton-Raphson method and Fast-Decoupled method, have been
used. The three load flow methods have been compared on the basis of
number of iterations obtained.

Keywords: Load Flow Analysis, Bus Admittance Matrix [Ybus], Power
Systems, Bus Power, Jacobian Matrix, Static Load Flow Equations

1. INTRODUCTION

In a power system, power flows from generating stations to load centres. So
investigation has been required to find the bus voltages and amount of power flow
through transmission lines. Hence it is convenient to work with power injected at each
bus into the transmission system, called the ‘Bus Power’. Power flow study aims at
reaching the steady state solution of complete power networks.

Performing a load flow study on an existing system recommends optimized operation
of power system [1].

Each transmission line has been presents admittance between the bus and the ground.
If there is no transmission line between i and /™ bus, then the corresponding element
of Bus Admittance matrix Y;is 0 [4].

Ibuszvau . v\-'Tbus

Iy iz - Y .. Yl
L{=|Y1 - Yu .. Yall|W
ln ynl R Yn!’ "oy Ynn Vﬂ

where Y; is Admittance of line between i and /" bus, 77 is i bus voltage and I; is bus
current at i bus.

Each method has its advantages and disadvantages. Comparison of these methods has
been made useful to select the best method for a typical network. This paper analyzes
and compares the most important methods for load flow studies of power system. The
methods have been introduced and analysed in second section. Proposed work and
results have been presented in the third section followed by work evaluation and
conclusion. The Bus data and Line data required for load flow analysis have been
taken from [2, 3].
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2. LOAD FLOW METHODS
The most important load flow methods are categorised as: Gauss-Siedel method,
Newton-Raphson method and Fast Decoupled method [5].

The Nomenclature used in Load flow analysis is: ¥; - i bus voltage; V; - j* bus
voltage; Y; - Admittance of line between i and j” bus; Y - Self admittance of line
connected to i bus; P; - Real power injected into i bus; Q; - Reactive power injected
into i bus; I; - Bus current at i bus; %ij - Angle of ¥; element of Yous; Si- Voltage
angle of i bus; i, j - Integer (0 to n); N - No. of buses.

The common procedure adopted for analysing power flow in a power system by using
any of the load flow techniques is discussed in the pseudo-code shown in Fig.1 [7].

# Start

# Create Ybus

# Make initial assumptions as the old values

# Substitute the old values into power equations for the next iteration
# Obtain the new value

# New value — Old value

# If (New value — Old value) < specified tolerance; then end otherwise go to step 4.

Fig.1: Pseudo-code for procedure for analysing load flow in a power system

2.1 Gauss-Siedel (GS) load flow method
With the slack bus voltage assumed (usually 7; = 120° p.u.), the remaining (n-1) bus
voltages are found through iterative process as follows [4]:

Pi= 3 Vil V)| Yijlcos (8 = 6; + 6)) 1)
Q= — ¥ IVi|Vj| 1Yy |sin(6;; — 8; + 6)) )

The equation 1 and 2 are called static load flow equations.

Pi—jQ;
Ii =T
v, 3)
1% _% (Ii - z}:;lyijvj) i=234..n 4)
t j*1
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For (k+1)™ iteration, the voltage equation becomes

| 1 |Pi—jQi i~
Y S [ T TR YD = D) Q

2.2 Newton-Raphson (NR) load flow method

Because of the quadratic convergence, Newton-Raphson method is mathematically
superior to Gauss siedel method [8]. It is found to be more efficient method for large
power systems. The Jacobian matrix gives the linearized relationship between small
changes in voltage angle Ad and voltage magnitude AV with the small changes in
active and reactive power AP and AQ.

[sol 1113v]

here [J] = Hé }ﬂ

The matrix of partial differentials is called the Jacobian matrix [J]. The elements of
the Jacobian are calculated by differentiating the active power and reactive power
Egs.l1 & 2 and substituting the estimated values of voltage magnitude and phase
angle. Table 1 describes the details of Jacobian Matrix [6].

Table 1: Description of Jacobian matrix

Element | Order of J matrix Diagonal elements Off-diagonal elements
of J elements
matrix
] i ' JP; ) P; . .
! WDX@D ) s YlsinG, - 6,46) | == =—WIVIElsin(, ~ 6 +8),j= i
0|5 a18;1
12 (@-1) x (n-1-0) P _ owillviileose, 2P 1Y, | cos(@,, — 6,4+ 8), j i
alvil ii 3|VJ| il 1ty ij i 'J i)
+Zj=z‘ |Vx“ YulCOS(_BU = 6: & é})
3 -1-n,.) X (n- aQ; a0Q;
= W-lap) X @D 2By g leos@, ~6,48) | Sok=-IIIG1I¥lcos(@, ~5,+5)
a]6i| a1
, 1) X (1-1- 30; aQ;
I el X @l | 2B yyiising, 1kl sin@y ~ 5, +8) %
o|vil ov;l

_Zj:i[Vi” Yu| Sin(aij =6+ 5,‘)

Where npy is the number of PV buses.

The terms 4P/ and 4Q;" are the difference between the scheduled and calculated
valued, known as mismatch vector or power residuals, given by

P; (scheduled) — P/ calculated = AP/

Qi (scheduled) — O/ calculated = 40/ (6)
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Qi (scheduled) — O/ calculated = 40/ (6) to update voltage magnitude and angles:
VY =+ |av)”
6(r+tl)=8r+Adr @)

where r = no. of iteration

2.3 Fast Decoupled load flow (FDLF) method

In FDLF method, the convergence is geometric, 2 to 5 iterations are normally
required for practical accuracies, speed for iterations of the FDLF is nearly five times
that of NR method or about two-thirds that of the GS method [9]. Here B;; -Imaginary
part of diagonal elements of Yunus ; B; - Imaginary part of off-diagonal elements of
Yous ; Oi-Angle of Y;; element of Yoy ; B'-Imaginary part of Yys of order (n-1) x (n-1)
; B"- Imaginary part of Ypuus of order (n-1-npy) X (n-1-npy).

The diagonal elements of J1 described by [5]

i

ap _\N"m . 2 .
35, =1 Wil Vil Yiilsin(0y-6i+6y) - |Vil?| Yalsin6i
Replacing the first term of the above equation with - O;, as given by

oP; -
_L — e e 71 ] -
35; O; - |Vi|*|Y;|sin6;

=-0;- |ViI’Bs
Bji=>>= Qi» and |V1|J ::;|V,-l.~l

0P;

26, = - |ViBs

Similarly, % —-|Vi|B;
i

The diagonal elements of Js described by

a2Q;

e J=1 WiV} | Yylsin(05-0,+5) - | Vil YilsinGs

aQ; . . .
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Again, assuming 6;-0;+0; =0, yields

20 g
S - VilBy

With these assumptions, now equation becomes

a _ _pr 8
o B'AS 8
40 _ _pn
Vil BrAlv] )
Now the value of Ad and A|V| is obtained by
4k
AS = —[B'] m (10)
AlV| = ~[B"15 (11)

3. PROPOSED WORK & RESULTS

By implementing different load flow techniques in the MATLAB environment, the
codes have been developed and the results obtained. Graph series 3.1 describes the
Voltage magnitude v/s bus number for various IEEE buses by using Gauss-Siedel,
Newton-Raphson and Fast-Decoupled methods. Graph series 3.2 describes the
Voltage Angle across Bus number for various IEEE buses by using Gauss-Siedel,
Newton-Raphson and Fast-Decoupled methods. Graph series 3.3 presents the Active
Power across Bus number for various IEEE buses by using Gauss-Siedel, Newton-
Raphson and Fast-Decoupled methods whereas Graph series 3.3 presents the Reactive
Power across Bus number for various IEEE buses by using Gauss-Siedel, Newton-
Raphson and Fast-Decoupled methods. Figure (a) of each series stands for IEEE 6 bus
system, Figure (b) for IEEE 9 bus system, Figure (c) for IEEE 14 bus system, Figure
(d) for IEEE 30 bus system and Figure (e) for IEEE 57 bus system.
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3.1 Voltage magnitude v/s bus number for various IEEE buses by using Gauss-
Siedel, Newton-Raphson and Fast-Decoupled methods:
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3.2 Voltage Angle across Bus number for various IEEE buses by using Gauss-
Siedel, Newton- Raphson and Fast-Decoupled methods:
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3.3 Active Power across Bus number for various IEEE buses by using Gauss-
Siedel, Newton-Raphson and Fast-Decoupled methods:

Active Power Pgs,Pnr,Pfd
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3.4 Reactive Power across Bus number for various IEEE buses by using Gauss-
Siedel, Newton-Raphson and Fast-Decoupled methods:

Reactive Power Qgs,Qnr,Qfd
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4. WORK EVALUATION

The above results show that Gauss-Siedel method is simple and easy to execute but it
consumes more time (more iterations) as the number of buses increases; Newton
Raphson method is more accurate than all other methods and it provides better results
in less number of iterations; Fast Decoupled method is the fastest of all methods but is
less accurate since assumptions are taken for fast calculation.

Table 2: No. of iterations by applying various load flow methods on various bus
systems

Method Used—{ Gauss-Siedel Newton - Raphson Fast-Decoupled
Bus No.| Method method method

6 24 11 2

9 182 11 2

14 384 7 2

30 648 5 2

57 864 11 2
CONCLUSION

This paper concludes that out of all the conventional load flow methods discussed
above, Gauss- Siedel method needs more iterations as compared to other
methodologies for the same values of |V|, angle, active and reactive power. Also,
Newton Raphson method gives better results than GS method for a fewer no. of
iterations. Fast Decoupled method gives the approximately same results as obtained
by NR method with least no. of iterations.
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