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BUS CLASSIFICATION
INTRODUCTION

Loadflowstudies are one of the mostimportantaspects of power system planning and operation. The
load flow gives us the sinusoidal steady state of the entire system - voltages, real and reactive power
generatedandabsorbedandlinelosses. Sincetheloadis astatic quantity anditisthe powerthatflows
through transmission lines, the purists prefer to call this Power Flow studies rather than load flow
studies. We shall however stick to the original nomenclature of load flow.

Through the load flow studies we can obtain the voltage magnitudes and angles at each bus in the
steady state. This is rather important as the magnitudes of the bus voltages are required to be held
withinaspecified limit. Once the bus voltage magnitudes andtheirangles are computed usingtheload
flow, therealandreactive powerflowthrougheachline canbe computed. Alsobased onthedifference
between power flow in the sending and receiving ends, the losses in a particular line can also be
computed. Furthermore, fromtheline flowwe can also determine the overand underload conditions.

The steady state power and reactive power supplied by a bus in a power network are expressed in terms
of nonlinear algebraic equations. We therefore would require iterative methods for solving these
equations. Inthischapterwe shall discusstwo of theload flowmethods. We shallalso delineate howto
interpret the load flow results.

CLASSIFICATION OF BUSES

A bus ina power systemis defined as the vertical line at which the several components of the
power system like generators, loads, and feeders, etc., are connected. The buses in a power system are
associated with four quantities. These quantities are the magnitude of the voltage, the phase angle of
the voltage, active or true power and the reactive power.

In the load flow studies, two variables are known, and two are to be determined. Depends on the
guantity to be specified the buses are classified into three categories generation bus, load bus and slack
bus.

I Classification of Buses I

Load Generator

Bus Slack Bus

Bus

The table shown below shows the types of buses and the associated known and unknown value.
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. . Unknown Quantities or
Type of Buses Know or Specified Quantities . .
e P Q Quantitiestobedetermined.
Generation or P-V Bus P, V| Q, 0
Load or P-Q Bus P,Q | V], o
Slack or Reference Bus | V], © P,Q
LOAD BUSES:

Thisisalsocalledthe P-Qbusandatthisbus,the active andreactive powerisinjected intothe 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 withinatolerable value,i.e.,5%.The
phase angle of the voltage, i.e.d is not very important for the load.

Inthese buses no generators are connected and hence the generated real power PGi and reactive power
QGi are taken as zero. The load drawnbythese buses are defined by real power -PLi and reactive power
-QLiinwhichthe negative sigh accommaodates 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 s to find the bus voltage
magnitude |Vi| and its angle &i

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 persistbecause ofthe line | 2R losses. Since the | 2R loss of aline depends on the line current
which, inturn, depends on the magnitudes and angles of voltages of the two buses connected to the
line, itisrather difficult to estimate the loss without calculating the voltages and angles. Forthisreason
agenerator busis usually chosen asthe slack bus without specifying its real power. Itisassumed that
the generator connected to this bus will supply the balance of the real power required and the line
losses.

VOLTAGE CONTROLLED BUSES

Thisbusis also called the P-V bus, and onthis bus, the voltage magnitude corresponding to generate
voltage and true or active power P corresponding to its rating are specified. Voltage magnitude is
maintained constantataspecified value by injection of reactive power. Thereactive power generation
Q and phase angle & of the voltage are to be computed.

These are the buses where generators are connected. Therefore the power generation in such buses is
controlled through a prime mover while the terminal voltage is controlled through the generator
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excitation. Keeping the input power constant through turbine-governor control and keeping the bus
voltage constant using automatic voltage regulator, we can specify constant PGiand | Vi| forthese
buses. ThisiswhysuchbusesarealsoreferredtoasP-Vbuses. Itistobe noted thatthe reactive power
supplied by the generator QGi depends on the system configuration and cannot be specified in advance.
Furthermore we have to find the unknown angle &i of the bus voltage.

SLACK OR SWING BUS:

Slack businapower system absorbs or emitsthe active or reactive power fromthe 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 equalto zero. The active and reactive power of
this bus is usually determined through the solution of equations.

The slack bus is a fictional concept in load flow studies and arises because the I12R losses of the system
are notknown accurately in advance for the load flow calculation. Therefore, the total injected power
cannot be specified at every bus. The phase angle of the voltage at the slack bus is usually taken as
reference orzero

Usually this busis 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,ithe particular angle of the slack bus is not important. However it
setsthereferenceagainstwhich anglesof allithe other bus voltages.are measured. Forthis reasonthe
angle ofthisbusisusuallychosenas0°. Furthermoreitisassumedthatthe magnitude ofthe voltage of
this bus isknown.

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 persistbecause oftheline | 2R losses. Since the | 2R loss of aline depends on the line current
which, inturn, depends on the magnitudes and angles of voltages of the two buses connected to the
line, itis rather difficult to estimate the loss without calculating the voltages and angles. Forthisreason
agenerator busis usually chosen asthe slack bus without specifying its real power. Itis assumed that
the generator connected to this bus will supply the balance of the real power required and the line
losses.

REAL AND REACTIVE POWER INJECTED IN A BUS

For the formulation of the real and reactive power entering a b us, we need to define the following
quantities. Let the voltage at the i ™" bus be denoted by

V=P8 = Pllecss + jun 5)
Also let us define the self admittance at bus- i as

Y=g lkd = %K‘-“’Eﬁ + jein 8= G, + jBy
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Similarly the mutual admittance between the buses i and j can be written as

Y=l 8 =[5 |leos8, + ein 6;)= G + B,

Let the power system contains a total number of n buses. The current injected at bus- i is given
as

L= Y+ PV, e B,
= ZY:'&,V;C
Kl

Itisto be noted we shallassume the current entering a busto be positive and that leaving the bus to be

negative. As a consequence the power and reactive power entering a bus will also be assumed to be
positive. The complex power at bus- i is then given by

f;_ jQ;‘ = V;f:' = K'ZKJ’E
Kml

=illco: 8 — xin 82 |K, Vi feos €, + jxin 8, Jcos 6, + i &)
&l

=2 [ FFfico:d = jen & oo 8, 4 sn B llcosd, +jam &)
=1

Note that

(cosd — jsin & J(cos By + jizin & Joos 5, + jsin &, )
= (cos 8 — jsin é}][cos(ﬁ'm-i- 8, | # jzinn (g + E)'k];
= vox{By + 8, - 5 )+ jsin (6 + 5 - 5))

Therefore substitutinginP\—jQ;we gettherealandreactive poweras

B =D |6aliWilceslfs + 8 — &)
L. |

Qs = — 2 b Wilsin (8 + 5 - &)
=1
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FORMULATION OF POWER FLOW PROBLEM IN POLAR COORDINATES

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, the Newton-Raphson method is
considered to be the most sophisticated and important. Many advantages are attributed to the Newton-
Raphson (N-R) approach.

Gauss-Seidel (G-S) is a simple iterative method of solving n number load flow equations by iterative
method. It does not require partial derivatives. Newton-Raphson method is based on Taylor’s series and
partial derivatives.

The N-R method is 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 of
iterations required in this method is almost independent of the system size.

The drawbacks of this method are difficult solution technique, more calculations involved in each
iteration resulting in large computer time per iteration and the large requirement of computer memory
but the last drawback has been overcome through a compact storage scheme.

Convergence can be considerably speeded up by performing the first iteration through the G-S method
and usingthevalues of voltages so abtainedfor starting the N-R iterations. These voltages are usedto
compute active power P at every bus except the swing bus and also.reactive power Q wherever reactive
power is specified.

Thedifference betweenthe specified and calculated valuesis usedto determine the correction of bus
voltages. The process of iteration is continued till the difference in the specified and calculated values of
P, Q and V are within the given permissible limit.

Before explaining the application of N-R method to the power flow problems, it is useful to review this
method in its general form.

Quantities associated with each bus in a system

Each bus in a power system is associated with four quantities and they are real power (P), reactive
power (Q), magnitude of voltage (V), and phase angle of voltage ().

Workinvolved (or)to be performed by aload flow study

(). Representation of the system by a single line diagram

(i). Determining the impedance diagram using the information in single line diagram
(iif). Formulation of network equation

(iv). Solution of networkequations
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Iterative methods to solve load flow problems

The load flow equations are non linear algebraic equations and so explicit solution as not possible. The
solution of non linear equations can be obtained only by iterative numerical techniques.

Mainly used for solution of load flow study
The Gauss seidal method, Newton Raphson method and Fast decouple method
Flat voltage start

Initerative method of load flow solution, the initial voltages of all buses except slack bus assumed as
1+j0 p.u. This is referred to as flat voltage start

Classification of Buses
Bus

The meeting point of various components in a power system is called a bus. The bus is a conductor
made of copper or aluminum having negligible resistance .At some of the buses power is being injected
into the network, whereas at other buses it is being tapped by the system loads.

Bus admittance matrix

The matrix consisting of the self and mutual admittance of the network of the power system is called
bus admittance matrix(Ybus).

Methods available for forming bus admittance matrix
Direct inspection method.
Singular transformation method.(Primitive network)

Different types of buses in a power system

Types of bus Known or specified quantities |  Unknown quantities or
quantities to be determined
Slack or Swing or Reference V.o P.Q
bus
Generator or Voltage control P.Y Q.90
or PV bus
Load or PQ bus P.Q V.,

Need for slack bus
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The slack bus is needed to account for transmission line losses. In a power system the total power
generated will be equal to sum of power consumed by loads and losses. In a power system only the

generated power and load power are specified for buses. The slack bus is assumed to generate the

power required for losses. Sincethe losses are unknown the real and reactive power are not specified
for slack bus.

Effect of acceleration factor irdload flow study

Acceleration factor is used in gauss seidal method of load flow solution to increase the rate of
convergence. Best value of A.F=1.6

Generator buses are treated as load bus

If the reactive power constraint of a generator bus violates the specified limits then the generator is
treated as loadbus.

Formulation of Load flow Equatio

The complex power injected by the generating source into the ith bus of a power systemis given as:
Si=Pit+jQi=Vil* i=1,2,...,n

where Viis the voltage atthe ith bus with respectto ground and li* isthe complex conjugate of source
current li injected into the bus.

Itis convenientto handle load flow problem by using liratherthanli*. So, taking the complex conjugate
of above equation), we have

Si*=Pi—jQi=Vi*li; n=1,2,3,....,N
7l
Substituting I, = Z Y, V, form Eq.(6.8)in above equation, we have —
k=1 _
S—P—Q—IZ’Z}Z;IL = B i
=1

Equating real and imaginary parts, we have
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”
Real power = P, = R, {V," > Y Vk}
k=1

1

In polar form V, =V, 73, . V] =V, /-3,

and Y, =\ i é“,k .

Reactive power = Q, = — 1 -{V" ivxkvk}
k=1

So real and reactive power can now be expressed as

n
Real power, P, = V, kzl\’k Y, cos(0;, +8, -9§;)

n
Reactive power, Q, = ~ V, k}_‘,‘\’k Y;y sin(0,, +9, -9;)

Above Equations are known as static load flow equations. (SLFE). These equations are nonlinear
equations and, therefore, only a numerical solution is possible. For each of the n system buses we have
two such equations giving a total of 2n equations (n real flow power equations and n reactive power
flow equations).

Each bus is characterized by four variables Pi, Qi, Vi and di giving a total of 4n variables. To obtain a
solutionitis necessary tospecify two variables ateach bus so thatthe numberofunknowns isreduced
to 2n.
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NEWTON RAPHSON METHOD

Newton Raphson Method is an iterative technique for solving a set of various nonlinear
equations with an equal number of unknowns. There are two methods of solutions for the
load flow using Newton Raphson Method. The first method uses rectangular coordinates for
the variables while the second method uses the polar coordinate form. Out of these two
methods the polar coordinate form is used widely.

Procedure of Newton Raphson Method

The computational procedure for Newton Raphson Method using polar coordinate is given
below.

The Newton-Raphson procedure is as follows:
Step-1:

Choose the initial values of the voltage magnitudes |V| © of all n, load buses and n —
1 angles § © of the voltages of all the buses except the slack bus.

Step-2:

Use the estimated [V|© and ¢ @ to calculate a total n — 1 number of injected real
power Peac® and equal number of real power mismatch AP ©

Step-3:

Use the estimated [V| @ and § © to calculate a total n, number of injected reactive
power Qe and equal number of reactive power mismatch AQ @ |

Step-3:

Use the estimated [V| @ and § © to formulate the Jacobian matrix J ©.
Step-4:

Solve equation for ¢ @ and A |V| @ + |v| ©.
Step-5:

Obtain the updates from

8- 45 406
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Step-6:
Check if all the mismatches are below a small number. Terminate the process if yes.
Otherwise go back to step-1 to start the next iteration with the updates given by the
equation

We shall now discuss the formation of the sub matrices of the Jacobian matrix. To do that we
shall use the real and reactive power equations .Let us rewrite them with the help of
equation as

A. Formation of J11

Let us define J11as

@= "'ﬁrﬁ: '%W’ﬂm(‘gﬁ +é- 5;
Sk
B=pfq, * Dt ooslly 45, - )
Fowd

It can be seen from the equation that Li's are the partial derivatives of P; with respect to dx.
The derivative P; equation with respect to k for i #k is given by

_%R

L=
*= 35,

= VV|anl(8, +5 —8), ik
IK.‘;:J:| l:l.‘:- & i

Similarly the derivative P; with respect to k for i = k is given by

aE
o,

5
31

= o sin (B + &, — &)

Comparing the above equation we can write

8r L
‘E”‘":a_@_ ¥ %’23::‘

B. Formation of J»;

Let us define Jo1 as
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it is evident that the elements of J; are the partial derivative of Q with respect to ¢ . From the
equation we can write

VW leoslBu+ A= 8) =k

Similarly for i = k we have

M= 22 ST feosi6, 4 5,- 8)-E- i G,
=

i aé-!_

C. Formation ofJ12
Let us define J12as

As evident from equation the elements of J21 involve the derivatives of real power P
with respectto magnitude of bus voltage [V| . For i # k , we can write from equation

3R
By = Vk|a|—p; = [ i |ceslBy + 8, — 5 )= —1dy 12k
k

For i = k we have

a5

5

B

Nii:Ffil |

-

= |rr:{zp',- [y + 2 [ s B+ & — a;)}
o |
e

— opif o+ D Bk |l 5 - &) = 2ppif i w01,
o ]

Formation of J2;

For the formation of J»; let us define
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Op - Uﬁn‘

. TR 'O;'!‘n‘_
For i # k we can write from equation

e . .
Oy = |P;|$§|= _|P;|YmP;Vk|5m ('91.:;"' S — '5;:]= Lo i#£E
&

Finally for i = k we have

80 . * .
()= |P:| 6|§ | =V - —"|V|HJ; —E |rm."‘{ﬁ|""f (ﬁm +73 - "5:)
k l

Kl

—-2pif B~ 2 R

sin (6 8 - &) =2l B, - L,

We therefore see that once the sub matrices Ji1 and J»1 are computed, the formation of the sub

matrices Ji2 and Jo» is fairly straightforward. For large system this will result in considerable
saving in the computation time.

Newton Raphson Method Flow Chart
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G

Read Load Data : Primitive Matrix: Bus Incidence Matrix: Slack Bus Voltage V. §,
Real Bus Powers P; for i - 2. 3. 4...n; Reactive Bus Powers Q; for i = (m + 1).

1 | (m+2)...n(Load Buses): Voltage magnitudes V; for i = 2.3,...m (Generation Buses):
Voltage Magnitude Lim..s (V; .0 and V; .) For Load Buses; Reactive Power Limits
(Q; min 20d Q; ;max) For Generation Buses

]
2 | Formulate Y-Matrix Using Equation (6.27) or equation (6.11)
]

3 Make Initial Assumptions. ie., \’?fori =(m+1),(mn+2)..nand S?for i=234.n
t

4 Set Iteration Count r =0
}

Calculate P and Qfor i =2, 3...n, Using Equations (6.93) and (6.94)
!

Find AP] fori=23..n

Find A Qfori = (m + 1). (m = 2)....n

[ Determine max AP and max A Q; I

Yes Output-\oltage Magnitude and Phase
Angle at All Buses, Line Flows and Line Losses
r=r+l|
Solve For Voltage Corrections Stop
AP Jy & Aer
AQr & J; Af"
|
ef =" A"
? ; ' fori=2 3 4..n
= afr
|
Te o r*]
e i fori=23.4,...n
/'_' = /'I*l

Fig. 6.21. Flow Chart For Power Flow Solution Using N-R Method
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Solution of Newton-Raphson Load Flow

The Newton-Raphson load flow program is tested on the system of Fig. with the system data

and initial conditions given in Tables we can write

Line (bus to bus) Impedance Line charging ( Y/2)
1-2 0.02+,0.10 7 0.030
1-5 0.05+;0.25 70.020
2-3 0.04 +;0.20 70.025
2-5 0.05+,0.25 7 0.020
3-4 0.05+;0.25 70.020
3-5 0.08 +50.40 70.010
4-5 0.10 +,0.50 J0.075

o] e 0rril]
L =,

Similarly from the equation we have

R A AL
5

Faad

=B, —105B,- By

Hence from the equation we get

<

In a similar way the rest of the components of the matrix J11 are calculated. This matrix is

given by
18,8269 —4.8077 M
Jnm; _ -4e07 111008 -3 462
0 —I®ez S ECTT
-38231 —24515 -1.8615

Siﬂ (92 + ‘53 - '%:] = _|]}jE|Sin HE = _822 = _48':?_!'

sin (€ + 8, - &)

— Byy—1.02B,, = 6327

2" =-0 -} B, = -C 6321 - B, = 1. w2es

-2 525
— L4518
~1.961=
124555

For forming the off diagonal elements of J1 we note from equation that

0 _ |y grip-0]
5" = Jr ",

ces(Bys + 8 — &) = —G = 9615

Also from equation the real power injected at bus-2 is calculated as
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B |{,; ©

‘Gzz +E Fm{’fh‘ﬂcos (gu +6 - '5":3:]
o
e

=G +102GE, 4G+ G, + 102G, = -C 1112

Hence from equation we have

1= B - Gy = 37604
Similarly the rest of the elements of the matrix Jo; are calculated. This matrix is then
given as

_E 654 09615 0 C7846
Ja8_| cse1s 22212 (7692 (4904
0 07682 -11615 (3922

For calculating the off diagonal elements of the matrix J12 we note from (4.47) that they are
negative of the off diagonal elements of J21 . However the size of J21 is (3 X 4) while the
size of J12 is (4 X 3). Therefore to avoid this discrepancy we first compute a matrix M that is
given by

My, My My 4
My Mz My
My My My My

=

F

ey

R =

The elements of the above matrix are computed in accordance with equation . We can then
define

Ja=M(1:21:4) and Jo=-M[1:4,1: 3

Furthermore the diagonal elements of Ji, are overwritten in accordance with equation. This
matrix is then given by

32422 -C®IZ 0
@ -GS Z2015 —07682
uFu =
0 -CesE: 11462
C7ede  —C45804  — 03822

Finally it can be noticed from equation that J2> = J11 (1:3, 1:3). However the diagonal elements
of Jx; are then overwritten in accordance with equation.This gives the following matrix
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175615 -48C77 O
S0 _|-48077  10E956  —Z 6462
0 —38462 55408

From the initial conditions the power and reactive power are computed as

Bt =[-c111z —coosé —coc7i —cossf
Qe =[-Ce227 —C031 - 133f

Consequently the mismatches are found to be

APY=[-0k485 -02404 -C1522 02302
A0 =[00127 -co3es Co535f

Then the updates at the end of the first iteration are given as

s [-as81

g . AR
g —ew 0

G 2| g de |Wl7 =|0sEn
';m; ,2'09 P Logers
4 Tl

The load flow converges in 7 iterations when all the power and reactive power mismatches
are below 10—6.

Load Flow Results

It is to be noted here that both Gauss-Seidel and Newton-Raphson methods yielded the same
result. However the Newton-Raphson method converged faster than the Gauss-Seidel
method. The bus voltage magnitudes, angles of each bus along with power generated and
consumed at each bus are given in Table 4.4. It can be seen from this table that the total
power generated is 174.6 MW whereas the total load is 171 MW. This indicates that there is a
line loss of about 3.6 MW for all the lines put together. It is to be noted that the real and
reactive power of the slack bus and the reactive power of the P-V bus are computed from
equation after the convergence of the load flow.

Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001
https://play.google.com/store/apps/details?id=com.binilselva.photoship

www.binils.com for Anna University | Polytechnic and Schools

Bus voltage Power generated Load
Bus no. ;
Magnitude (pu) Angle (deg) P (MW) Q (MVAr) P (MW} P (MVAr)
1 1.05 0 126.50 57.11 a 0
2 0.9826 —-5.0124 0 0 95 62
3 0.9777 -7.1322 0 0 35 14
4 0.9876 —7.3705 0 0 16 8
5 1.02 —-3.2014 48 15.59 24 11

Therefore the complex power leaving bus- i is given by

B+ - VI
Similarly the complex power entering bus- k is

Iy + 0 — W13
Therefore the 1 2R loss in the line segment i-k is

Fsi-x=5 5
The real power flow over different lines is listed in Table 4.5. This table also gives
the 12 R loss along various segments. It can be seen that all the losses add up to 3.6 MW,
which is the net difference between power generation and load. Finally we can compute the

line 12X drops in a similar
fashion. This drop is given by

Qm;j_a; =@ -

However we have to consider the effect of line charging separately.
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Fower dispatched

Power received

Line loss (MW)

from (bus) | amount (MW) | in (bus) | amount (MW)
1 101.0395 2 98.6494 2.3901
1 25.5561 5 25.2297 0.3264
2 17.6170 3 17.4882 0.1288
3 0.7976 4 0.7888 0.0089
5 15.1520 2 14.9676 0.1844
5 18.6212 3 18.3095 0.3117
5 15.4566 4 15.2112 0.2454

Total = 3.5956

Consider the line segment 1-2. The voltage of bus-1 is V1 = 1.05 < 0° per unit while that of bus-
215 V2=0.9826 <— 5.0124° per unit. From the equation we have

£ = DR623— U o188 = 10852 — L 35

Therefore the complex power dispatched from bus-1 is

Sy =T %100 = —107.0395 — i3/ 1642

where the negative signal indicates the power is leaving bus-1. The complex power received

at bus-2 is

8y = VR %100 = 95 649 4 125141

Therefore out of a total amount of 101.0395 MW of real power is dispatched from bus-1 over
the line segment 1-2, 98.6494 MW reaches bus-2. This indicates that the drop in the line
segment is 2.3901 MW. Note that

i % R x 100 =7 0832 > €02 x 10C = £ 3307

where Ri» is resistance of the line segment 1-2. Therefore we can also use this method to
calculate the line loss.

Now the reactive drop in the line segment 1-2 is

o[ > ¥ 100 =1.0832% x 0.1 10C = 1C. 9508
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We also get this quantity by subtracting the reactive power absorbed by bus-2 from that
supplied by bus-1. The above calculation however does not include the line charging. Note
that since the line is modeled by an equivalent- p , the voltage across the shunt capacitor is
the bus voltage to which the shunt capacitor is connected. Therefore the current I 12 flowing
through line segment is not the current leaving bus-1 or entering bus-2 - it is the current
flowing in between the two charging capacitors. Since the shunt branches are purely reactive,
the real power flow does not get affected by the charging capacitors. Each charging capacitor
is assumed to inject a reactive power that is the product of the half line charging admittance
and square of the magnitude of the voltage of that at bus. The half line charging admittance of
this line is 0.03. Therefore line charging capacitor will inject

00Ex 100 <[ = 2 3072
at bus-1. Similarly the reactive injected at bus-2 will be
C.02x100 > [ = 28968

The power flow through the line segments 1-2 and 1-5 are shown in Fig..

|51.15?D 54.4645 42.5141 454109 |
- - —
i I'—* |
101.02395 98.6494
3.3075 2.8968
(@)
I 5.9524  B.1574 6.5255 8.6063 |
e i - =
I —T [ —
25.5561 25.2297
2.2050 2.0808
(b)

Advantages of Newton Raphson Method
The various advantages of Newton Raphson Method are as follows:-

e It possesses quadratic convergence characteristics. Therefore, the convergence is very
fast.

e The number of iterations is independent of the size of the system. Solutions to a high
accuracy are obtained nearly always in two to three iterations for both small and large
systems.

« The Newton Raphson Method convergence is not sensitive to the choice of slack bus.

e Overall, there is a saving in computation time since less number of iterations are
required.
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Limitations of Newton Raphson Method
The various limitations are given below.

o This solution technique is difficult.

« It takes longer time as the elements of the Jacobian are to be computed for each
iteration.

o The computer memory requirement is large.
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POWER FLOW SOLUTION USING GAUSS SEIDEL METHOD

Load Flow by Gauss-Seidel Method

Thebasicpowerflowequations (4.6)and(4.7)arenonlinear. Inann-bus power system, letthe number
of P-Q buses be np and the number of P-V (generator) buses be ng such that n=np + ng + 1. Both
voltage magnitudes and angles of the P-Q buses and voltage angles of the P-V buses are unknown
making atotal number of 2np + ng quantities to be determined. Amongstthe known quantities are 2np
numbers of real and reactive powers of the P-Q buses, 2ng numbers of real powers and voltage
magnitudes of the P-V buses and voltage magnitude and angle of the slack bus. Therefore there are
sufficient numbers of known quantities to obtain a solution of the load flow problem. However, it is
rather difficult to obtain a set of closed form equations from power flow equations. We therefore have
to resort to obtain iterative solutions of the load flow problem.

Atthe beginning of an iterative method, a set of values for the unknown quantities are chosen. These
are thenupdated at each iteration. The process continuestill errors between all the known and actual
guantities reduce below a pre-specified value. In the Gauss-Seidel load flow we denote the initial
voltage of the i th bus by Vi(0) ,i=2, ..., n. This should read as the voltage of the i th bus at the Oth
iteration, or initial guess. Similarly this voltage after the firstiteration will be denoted by Vi(1) . In this
Gauss-Seidelload flow the load busesand voltage controlled buses are treated differently. Howeverin
both these type of buses we use the complex power equation iforupdating the voltages. Knowing the
real and reactive power injected at any bus we can expand.

X
B — JCu = Vi D Gl = WIEW + Xl et B, ot 1)

Koml

We can rewrite as

| B = B _

I 2

;oA

%ﬂ—%%—m—fV]

ALGORITHM OF GAUSS SEIDAL METHOD
Stepl:

Assume all bus voltage be 1+ 0 except slack bus. The voltage of the slack bus is a constant
voltage and it is not modified at any iteration

Step 2:

Assume a suitable value for specified change in bus voltage which is used to compare the actual
change in bus voltage between K th and (K+1) th iteration
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Step 3:

Setiteration countK =0andthe corresponding voltages are V10, V20, V30, ...... Vno except
slack bus

Step 4:

Setbus countP =1
Step 5:

Check for slack bus. It is a slack bus then goes to step 12 otherwise go to next step
Step 6:

Check for generator bus. If it is a generator bus go to next step. Otherwise go to step 9 °
Step 7:

Set |VPK|= |VP| specified and phase of |VPK| as the K th iteration value if the bu

generator bus where | VP| specified is the specified magnitude of voltage for bus P. Calculate
reactive power rating P-1n QP K+1 Cal=(-1) Imag [(VPK)A(ZY pqVg k+1+Z Y pgVqKqg=1q=P

Step 8:

If calculated reactive power is within the specified limits then considerthe busas  generator
busandthen set QP = QPK+1 Cal for this iteration go to step 10

Step 9:

If the calculated reactive power violates the specified limit for reactive power then treat this
bus as loadbus.

IfQPK+1Cal<QPminthenQP=QPmin
QPK+1 Cal>QPmaxthen QP =QPmax

Stepl0:
For generator bus the magnitude of voltagedoes not change and sofor all
Iterations the magnitude of bus voltage is the specified value. The phase of the
bus voltage can be calculated using

Vek+1 temp =1/ Yep [(Pr —jQp / VPK *) - £YpqVaK+1 - ZYpqV(QK]
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Step 11:

For load bus the (k+1)th iteration value of load bus P voltage VPK+1 can be calculated using
VPK+1temp=1/YPP [(PP—QP/VPK*)-ZYpqVgK+1 - ZYpqVgK]

Step 12:

Anaccelerationfactoracanbe usedforfaster convergence. Ifaccelerationfactoris specified
then modify the (K+1)th iteration value of bus P using

VPaccK+1 = VPK + a (VPK+1 — VPK) then Set VPK+1 = VPaccK+1
Step 13:
Calculate the change inbus-P voltage using the relation
AVPK+1=VPK+1 -VPK
Step 14:

Repeatstep5to 12 untilallthe busvoltages have been calculated. Forthis increment the bus
count by 1 go to step 5 until the bus countis n

Step 15:
Find the largest of the absolute value of the change in voltage
| AVIK+1], | AV2K+1 |, | AV3K# |, v | AVnK+1 |
Let this largest value be the |AVmax| . Check this largest change

| AVmax| islessthan pre specified tolerance. If | AVmax | isless goto next step. Otherwise
increment the iteration count and go to step 4

Step 16:

Calculate the line flows and slack bus power by using the bus voltages

GAUSS - SEIDAL METHOD FLOW CHART
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Q™ and v, fori=2,3,.

Form bus admittance matrix, Y, and make initial assumptions

eeym;p=1

P=1;2-5n

Form parameter of voltage equations

WV

I Set iteration coun

t, k=0

Set maximum voltage change, Max AE' = 0,

and bus count,p=1

Calculate phase angle of bus P:

fl

6: = arctan
ep

\

Czlculate adjustable voltage of bus P:

Fpinew) = I";’l(smduu-d)'

- sk
slné'p

¥

| Compute using

Replace QF by Qp(max) |

[

Test for maximum limit

v

Replace Q;',‘ by Qp(min)

Replace V,," by V:(m)

|

v

Re-compute KL,, for bus |

Solve

]

veoltage equation for bus P:

-1 n
KL
k+1 — B k+1 __ k
R
P g=1

q=p+1

v

| Calculate change in voitage of bus P: AVP" = Pt -y

Test for max. change

Divide by 1+

| Advance bus count, P=P+1 I

Advance iteration count,
k=k+1
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Advantages and disadvantages of Gauss-Seidel method

Advantages:

. Calculations are simple and so the programming task is lessees.
. The memory requirement is less.

. Usefulfor small systems

Disadvantages:

. Requires large no. of iterations to reach converge .

. Not suitable for large systems.

. Convergence time increases with size of the system
Problems:1

1) Fig. shows a three bus power system.
Bus 1 : Slack bus, V= 1.05/00 p.u.

Bus2: PV bus,V=1.0p.u.Pg=3p.u.

Bus 3: PQ bus, PL= 4 p.u.,, QL =2 p.u.

Carry out one iteration of load flow solution by Gauss Seidel method.

Neglect limits on reactive power generation.
Solution:
Admittance of each line
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Virgo =05 = —J2-5 p-u

Vigo =793 = —J3-333 p-u

Vu:;% = j()% =—jSp.u
Y1 = pidtayer=252.5 3j3.333 = —j5.833 p. u
Y2 = Y12 4aya3 = —j2.5 — jS=—j7.5 peat
Y33= yi3 +953 = —j3.333 —<j5=—j8.333 p. u
Yo=Y = Y12 =7 — ICIL.d Peii
Yis=Y3 =y — PR3 000
Y3 =Y5=—yiia — §F 2/ NG

The admittance matrix is given as

Y12 + V13 —Y12 —Y13
Yous=| V21 Y21 t Y23 —¥23
o —¥32 Y32 +¥31

=—j5.833 j25 j3.33
= j2.5 —j7.5 Jj5
j3.33 j5 —j8.333

Assume initial voltages to all buses

V1 (0)= 1.0520°=1.05+j0 p.u

V> (0)=1.0+j0 p.u

V3 (0)=1.0+j0 p.u
Bus 1 is a slack bus

V1 (1) = 1.05£0° =1.05+j0 p.u
Bus 2 is a generator bus

To calculate reactive power

p-1 n
Qith =(-1)xIm {(Vpk)‘ [Z Gttt Z Yog qu‘}
q=1 q=p

Qieat = (—1) X Im{(V3)*[Yo1 Vi + Yo, V7 + ¥a 3]}
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=(—1) x Im(1 - j0)[(j2.5)(1.05 + j0) + (—j7.5)(1+ jO) + (j5)( + j0)]}
Q2call=-0.125p.u
Thephaseof bus-2voltageinfirstiterationisgivenbyphase of Vp,tempK+1

When p=3Q21 = - 0.125 p.u and k=0
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