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What is a Power System?
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Electric Power Network
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Bus Admittance Matrix
n The injected currents at the nodes of the interconnected

network are related to the voltages at the nodes via an
admittance representation

busI = Y V

where    I = vector of injected node currents
Ybus = bus admittance matrix
V = vector of node voltages
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Bus Admittance Matrix

n Used to form the network model of an interconnected 
power system
q Nodes represent substation bus bars
q Branches represent transmission lines and 

transformers
q Injected currents are the flows from generator and 

loads
n Notes on bus admittance: 

q Large
q Has a large number of zero entries
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Bus Admittance Matrix or Ybus

l First step in solving the power flow is to create what is
known as the bus admittance matrix, often called the Ybus.

l The Ybus gives the relationships between all the bus current
injections, I, and all the bus voltages, V, I = Ybus V

l The Ybus is developed by applying KCL at each bus in the
system to relate the bus current injections, the bus
voltages, and the branch impedances and admittances.
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Bus Admittance Matrix

n Let bus j be an arbitrary bus

n Branch current

1

n

ji j
i
I I

=

=å

where    Ij = injected current at bus j
Iij = current leaving bus j to bus i

jiI

( )ji ji j iI y V V= -

where    yij = line admittance from bus j to bus i
Vj, Vi = bus voltages
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Bus Admittance Matrix

n Injected current

n n equations

jI
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Ybus Building Algorithm

n “Inspection” method
n Diagonal entries       : summing the primitive 

admittance of lines and ties to the reference at 
bus j

n Off diagonal entries      : the negatives of the 
admittances of lines between buses i and j

n If there is no line between i and j, this term is 
zero

jjY

ijY

( )
n

jj ji
i

Y y=å

( )ji ij ijY Y y= = -
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Properties of Ybus Matrix

n The matrix is complex and symmetric
n The matrix is sparse since each bus is connected to only a 

few nearby buses
n The percent sparsity increases with the matrix dimension
n If there is a nonzero admittance tie to the reference bus, 

Ybus is nonsingular
n If there are no ties to the reference bus, Ybus is singular
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Ybus -Summary
q The diagonal terms, Yjj, are the “self admittance” terms, 

equal to the sum of the admittances of all devices incident 
to bus k. 

q The off-diagonal terms, Yij, are equal to the negative of the 
admittance joining the two buses.

q With large systems Ybus is a sparse matrix (that is, most 
entries are zero):

n sparsity is key to efficient numerical calculation.
q Shunt terms, such as in the equivalent p line model, only 

affect the diagonal terms.     
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Example 1

1 1 1 1
1 1 1 1
1 1 1 1 1

+ - -é ù
ê ú- + -ê ú
ê ú- - + +ë û

1

2

3

1 2 3

2 1 1
1 2 1
1 1 3

- -é ù
ê ú= - -ê ú
ê ú- -ë û

19.03.2024 Sayasun



13

Example 2
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Example 3
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Example 3
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Example 3
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Example 3
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Modeling Shunts in Ybus 

from other lines

2 2

Since ( )
2
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Example 4
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Using the Ybus

bus

1
bus bus

1
bus bus

If the voltages are known then we can solve for 
the current injections:

If the current injections are known then we can 
solve for the voltages:

where =  is the bus impedan

-

-

=

= =

Y V I

Y I V Z I

Z Y ce matrix.
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Example 5:Solving for Bus Currents

*
1 1 1

For example, in previous case assume: 
1.0

.
0.8 0.2

Then
12 15.9 12 16 1.0 5.60 0.70

12 16 12 15.9 0.8 0.2 5.58 0.88
Therefore the power injected at bus 1 is: 

1.0 (5

j

j j j
j j j j

S V I

é ù= ê ú-ë û

- - + -é ù é ù é ù=ê ú ê ú ê ú- + - - - +ë û ë û ë û

= = ´

V

*
2 2 2

.60 0.70) 5.60 0.70

(0.8 0.2) ( 5.58 0.88) 4.64 0.41
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Example 6: Solving for Bus Voltages

1

*
1 1 1

As another example, in previous case assume 
5.0

.
4.8

Then

12 15.9 12 16 5.0 0.0738 0.902
12 16 12 15.9 4.8 0.0738 1.098

Therefore the power injected is

(0.0738 0.

j j j
j j j
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= = -

I
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902) 5 0.37 4.51

( 0.0738 1.098) ( 4.8) 0.35 5.27

j

S V I j j

´ = -

= = - - ´ - = +
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Modifications in Bus Admittance 
Matrix
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Line Outages

n Line outages
q Let Ybus be given for a system in which a line is to be 

outaged
q The line outage is equivalent to adding a new line of 

admittance –yout in parallel with the line to be outaged
q The combination of yout and –yout is a zero admittance 

(open circuit)

n Procedure
q Diagonal entries: Add –yout to the ii and jj entries
q Off diagonal entries: Add yout to the ij and ji entries
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Deletion of a Bus-Kron Reduction

n A system of n buses in which m buses to be 
deleted (m<n) 

n Partition Ibus and Vbus

n Deleted buses = no injected currents
q Let 
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Deletion of a Bus-Kron Reduction

n Need to find an equivalent admittance matrix with 
m buses deleted 
q Note: the equivalent admittance matrix is (n-m)x(n-m)

bus bus busI Y V=

a aa ab a

T
b ab bb b

I Y Y V

I Y Y V

é ù é ù é ù
ê ú ê ú ê ú
ê ú ê ú ê ú=
ê ú ê ú ê ú
ê ú ê ú ê ú
ê ú ê ú ê úë û ë û ë û }
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m
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Deletion of a Bus-Kron Reduction

n Set Ib = 0 and eliminate Vb

n Substitute Vb in n-m rows

0 T
b ab a bb bI Y V Y V= = +

1 t
b bb ab aV Y Y V-= -

a aa a ab bI Y V Y V= +

1 t
aa a ab bb ab aY V Y Y Y V-= -

1 t
aa ab bb ab aY Y Y Y V-é ù= -ë û                        

eq
busY

Ybb is assumably invertible 
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Example 1
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Example 1: Solution
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Example 2
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Example 2: Solution
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Example 3
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Example 3: Solution
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Example 4
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Example 4: Solution
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Example 5
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Example 5:Solution
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