What is Y bus matrix? '/_/«-v"""\

Y Bus Matrix Definition: The Y Bus.
power system's network. L| e-an
charging admittances.(y 01s

What is Ybus admittance matrix?

RLESy §

.. Formation of Bus Admittance Matrix (Ybus) S1, S2, S3 are net complex power injections into b
respectlvelyylz y23, y13 are line admittances between lines 1-2, 2-3, 1- 3y01sh/2 y02s :
half-line charging admittance between lines 1-2, 1-3 and 2-3 The half i
the same..

Do buses have generators & loads?
There may be some buses with only generators and there may be other only with loads. Somebuses have
generators and loads while some other may have static capacitors for reactive power compensation. The
surplus power at some of the buses is transported through transmission lines to the bus deficient in power.
How does a power system work?

In a power system,power is injected into a bus from generators,while the loads are tapped from it. There may
be some buses with only generators and there may be other only with loads. Some buses have generators
and loads while some other may have static capacitors for reactive power compensation.

What is a bus / bus bar?

The Bus or Bus bar is a conductor made of copper or aluminium having negligible resistances. PS
represented by impedance/reactance diagram is considered as a circuit or network. Buses can be treated as
nodes and the voltages of all buses (nodes) can be solved by conventional node analysis technique.

What is the self-inductance at bus 1?

The self-inductance at bus-1 Y 11=11V 1||[V2=V3=V4=0Y 11=11V1|V2=V3=V4=0Y1lY1llis
the admittance measured at bus-1 when buses 2,3 and 4 are short circuited.
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(a) Find YBus, assuming that the line shown dotted
( ) is not connected. (b) What modi???cations need to
be carried out in YBus if the line shown dotted is
connected. Table 2: Line G (p.u) B (p.u) 1???2 2 -6
1?7?73 1-3 2?7?73 0.666 -2 2???4 1 -3 3?7?74 2 -6
Solution: (a) From Table 1, Table 2 is obtained from
which YBus for the system can be written

’ T e This type of power system bus is known as the P-V
o ger %m bus. It specifies the voltage magnitude for the
| '“ - ﬁ : | i? generated voltage and the true power or active
. iyl = power P for its rating. To maintain a constant

voltage magnitude at a specified value, reactive
power is injected. The reactive power generation Q
and voltage phase angle ?? are to be calculated.
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Q. In an N bus system with mP, |V|generator buses
i (as opposed to P, Qgenerator buses), how many
| variables are there to solve for in the power flow

Wi

problem? Recall the power flow problem for just two

Er—— .
buses. This problem can have zero, one or two

voltage solutions. With three buses there can be
between zero and four solutions.

an element in the Y-bus matrix. If k?? j, then B k]
=-b kj, i.e., the Y-bus element in row k column j is
the negative of the susceptance of the circuit
connecting bus k to bus j. If k=j, then 2 z N j j k B kk
b k b kj 1, Reactive power flow: The reactive power
flow equation of egs. (6) may be rewritten by pulling

out the k=j term from the

e

{
{
{

Equating real and imaginary parts. In polar form.
Real and reactive powers can now be expressed as.
Equations (6.27) and (6.28) represent 2n power flow
equations at n buses of a power system (n real

U Al

power flow equations and n reactive power flow
equations). Each bus is characterized by four
variables; P i, Q i, |V i| and ?? i resulting in a total of
4n variables. . Equations (6.27) and ???
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In developing the power flow problem, we choose to
work with Ybus. The reason for this is that the
power flow problem requires Let's assume that we
have a 3-bus system In general, anytime we modify
Y-bus, then Tkkk YnY yaa (23) where ak is
constructed according to:

balance the active and reactive power in the
system. provides or absorbs (P) and (Q) power to
and from the TL to provide for losses, since these
variables are unknown until the final solution is
established. serve as an angular reference for all
other buses in the system, which is set to (0"{circ})

where: Ytot ij: the ij th element in the Y matrix. i: the
"from" bus. j: the "to" bus. k: the k th transmission
line/transformer from i to j. gs i +j ???bs i: the shunt
at bus i. b ijk: the line charging of the k th line. b ik =
0.5 *b ijk: the line charging of the k th line assigned
to "from" end i. b jk = 0.5 *b ijk: the line charging of
the k th line assigned to "to" end j.
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Creating the Y bus matrix for a power system
network involves performing load flow analysis and
solving a set of equations based on the network
topology and component parameters. The Y bus
matrix represents the admittance (or impedance)
values of the network elements and is used for
power flow calculations and fault analysis.

Nodes are the system . buses Buses are
interconnected by impedances of . transmission
lines . and . transformers Inputs and outputs now
include . power (P and Q) System equations are
now . nonlinear Can"t simply solve

numerical, iterative. solution methods Power system
analysis to determine bus

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. Depends on
the quantity to be specified the buses are classified
into three categories generation bus, load bus and
slack bus.
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Bus admittance matrix is often used in power
system studies. In most of the 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 hecessary to

form Y-Bus
= . ijﬂj’fl HJ Let us start with [Y bus] array set to zero. The
- LA dimensions of the Y bus matrix is (n x n) where n is
A i e
' Q~'é- == the number of buses. The total number of nodes are
i m = n + 1 including the ground or reference node.
= |

Consider an element having admittance y ik
connected between buses i and k. Four entries in [Y
bus] are affected ??? Y ii, Y ik, Y ki and Y Kkk.

UMM |

The system consists of 4 (humbered in circles)
Buses, 0 bus is a ground or reference bus, a
generator with an EMF of 1.25 V (per unit) and an
internal impedance of j1.15 is connected to bus no
3.All values here are given in per unit, we will enlist
conversion formulas for per unit system at the end)

| it is essential to convert all given and
. HE
N Eebh e
A A
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where | bus is the vector of the injected bus currents
(i.e., external current sources). The current is

I iT‘@‘i‘/ positive when flowing towards the bus, and it is
\~\l\';/ negative if flowing away from the bus. V bus is the

vector of bus voltages measured from the reference
node (i.e., node voltages). Y bus is known as the
bus admittance matrix. The diagonal element of

f; \\'/‘:) ’!ﬁ each node is the sum of admittances
o '

Load flow analysis is the computational process
used to find the steady-state operating conditions of
a power system network based on line and bus

data.Things you must know about load flow: Load
flow study is the steady-state analysis of a power
system network. Load flow study determines the
operating condition???

power flow equation, we introduce the bus
admittance matrix. 2 Bus Admittance Matrix The bus
admittance matrix Y bus allows us to write Ohms
law for a network of any size in a single line: 1 =Y
busV. Often the "bus" subscript is omitted when it is
obvious from the context that Y is a bus admittance

matrix. We will use the Y shorthand.
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Example 5-2: A 3-bus system, as shown in Figure
5-4, find the bus admittance matrix. The three
transmission lines are assumed to be identical with
the following line parameters: Z =j0.1, and j0.01 2 Y

=. bus 2 bus 3 bus 1 Fig. 5-4. Three bus system
??7?

Where, Y BUS is the bus admittance matrix, | BUS
& E BUS are the bus current and bus voltage
vectors respectively. By observing the elements of
the bus admittance matrix, Y BUS of equation (9), it
is observed that the matrix elements can as well be
obtained by a simple inspection of the given system
diagram:

- a3 o - 7 2. Power System Analysis by Grainger and
Stevenson, Tata McGraw Hill. 3. Computer
techniques and models in power systems, By
K.Umarao, I.K ternational 4. Power System
Analysis by Hadi Saadat ??? TMH Edition.
COURSE OUTCOMES: After this course, the
student will be able to Develop the Y bus and Z bus
matrices Develop load flow programs
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bus and into the lines connecting the bus to other
buses, or to the ground. Therefore, recalling Ohm's
Law, I=V/z=Vy, the current injected into bus 1 may
be writtenas: 11 =(V1-V2y 12+ (V1-V3)y 13+V
1y 1 (1) To be complete, we may also consider that
bus 1 is "connected" to bus 4 through an infinite
impedance, which implies that the

Elements on the main diagonal are called driving
point impedances of the buses. Off diagonal
elements are called transfer impedances of the
buses (mathrm{Z_{bus}}) is very useful in fault
analysis. Formulation of Bus Impedance Matrix
(mathrm{Z_{bus}}) can be determined by two
methods: Determine (mathrm{Y_{bus}}) and take its
inverse

?7?7? All buses in the power system are assigned a
Nominal Voltage. ??? Normally this is corresponds
the physical voltage rating of devices connected to
this bus and voltages are expected to be close to
this ??? This means 1.00 per unit voltage is usually
"normal”
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Of the various network matrices refered above, the
bus admittance matrix (YBUS) and the bus
impedance matrix (ZBUS) are determined for a
given power system by the rule of inspection as
explained next. Rule of Inspection Consider the
3-node admittance network as shown in figure5.
Using the basic branch
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