BUS CLASSIFICATION

A bus in a power system is 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 variable are known, and two are to be determined.

Depends on the quantity to be specified the buses are classified into three categories
generation bus, load bus and slack bus.

Classification of Buses

Load Generator

Bus Slack Bus

Bus

The table shown below shows the types of buses and the associated known and
unknown value.

Know or Specified Unknown Quantities or

Type of Buses Quantities Quantit_ies to be
determined.

Generation or P-V Bus P,|V] Q6

Load or P-Q Bus P,Q | V], 6

Slack or Reference Bus |V & P,Q

Generation Bus or Voltage control bus

This 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 is 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.
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Load Bus

This 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.

Slack, Swing or Reference Bus

Slack bus in a power system absorbs or emits 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.

The slack bus is a fictional concept in load flow studies and arises because the [2R
losses of the system are not known 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 or zero



Formulation of power flow problem in polar coordinates

The Newton-Raphson method can also be applied to the solution of power flow
problem when the bus voltages are expressed in polar form. In fact, only polar form is
used in practice because the use of polar form results in a smaller number of equations
than the total number of equations involved in rectangular form.

For any ith bus, we have
V, = V,e/ then V| = Ve,
and V, =V, e/* (6.114)
and Y, = Y, e %
When § is the phase angle of the bus voltages and 0ik is and admittance angle.
Then according to Eq. 6.57(b) for any ith bus -
S =P,-jQ=V kfs:lv‘.kvk; i=1,2,..n (6.115)

Substituting the values of Vi, Vk and Yik from Eq. (6.114) in Eq. (6.115) we have -
Pl -j Q' 13 i vlka‘k e'j(e& ’61 -6ll ...(6.' l6)
k=1

Thus P, = Real V' $Y, V, = £ V,V, Yy cos(8, +5,-8,)
k=1 k=1
=V,V,Y,cos 6, + l}flv,v,‘y,,‘ cos (6, +8, -5y ) (6.117)
ki
n
and Q, = Imaginary V' $ Y, ¥, = 3 V,V, Y, sin (0, +5,-8,)
k=1 k=1
=V,V,Y,sin@,+ ki:lv,vkv,. sin (8, +5, -5, ) (6.118)

k=i
for i = 2, 3, 4, ... n because bus | is slack bus

Now the linear equation in polar form becomes -

AP] _[dide || a8
[AQ] B [Ja"f‘u] [avj' A6.119)

where J1, ]2, J3 and J4 are the elements of Jacobian matrix and can be determined
from power Egs. (6.117) and (6.118) as follows:

The off-diagonal and diagonal elements of J1 are -

325}:L =V, Vy Yysin (0, +8,-8,) fork#i .(6.120)
k
dP n 7
and =2t = - 3 V;V, Yy sin (8, +5,-3,) .(6.121)
i k=1

k=i
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The off-diagonal and diagonal elements of ]2 are -
dP,

—~ =V, Y, cos(0, +5 -8)fork=i .(6.122)
v,

and %-'- =2V,Y,cos9, + éleYﬂ‘ cos(B; +8, -8, ) «(6.123)

k=i

The off-diagonal and diagonal elements of |3 are -

%‘_ = —V,V,Y, cos (8, +5,- 8 (6.124)
aQ n
8nd e DO zvlkalk coﬂ(e.k +5‘ -Sk) ..-(6-'25)
35, io
k=i
The off-diagonal and diagonal elements of 4 are -
N _ vy, sin(0, +8 -8 fork#i (6.126)
avk ' I ! f
Q _ 2 i S i o
and 'a—G— o .V‘ Y" Sln 9" +* Z kafk sin (em +6‘ 5k ) ...(6. 127)
i k=1

k=t
The elements of Jacobian matrix are computed with the latest voltage estimate
and computed power. However, the procedure (i.e., algorithm, here) is the same as that
of the rectangular coordinates. The formulation in the polar coordinates takes less

computational efforts and also needs less memory space.
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