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ECL 4340

POWER SYSTEMS

LECTURE 11
TRANSMISSION LINE REACTIVE

COMPENSATION, Y-BUS MATRIX, POWER

FLOWS

ANNOUNCEMENTS

 Read Chapter 2.4, Network Equations.

 Read Chapter 6.

 HW #6 due October 14, Friday, in Canvas.  
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REACTIVE COMPENSATION

BUS ADMITTANCE MATRIX OR YBUS

YBUS MATRIX
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YBUS MATRIX
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YBUS MATRIX

YBUS MATRIX

POWER FLOW AND YBUS MATRIX

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

 TheYbus gives the relationships between all the bus 
current injections, I, and all the bus voltages, V,
I = Ybus V

 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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YBUS EXAMPLE

Determine the bus admittance matrix for the network 
shown below, assuming the current injection at each bus i
is Ii = IGi - IDi where IGi is the current injection into the bus 
from the generator and IDi is the current flowing into the 
load

Gen Load

YBUS EXAMPLE, CONT’D

2 21 23 24

1 2 3 4

Similarly

( )A A C D C D

I I I I

Y V Y Y Y V Y V Y V

  

      

1 1 1

1 31 2
1 12 13

1 1 2 1 3 j

1 2 3

By KCL at bus 1 we have

1
( ) ( ) (with Y )

( )

G D

A B

A B
j

A B A B

I I I

V VV V
I I I

Z Z

I V V Y V V Y
Z

Y Y V Y V Y V

 


   

    

   

YBUS EXAMPLE, CONT’D

1 1

2 2

3 3

4 4

We can get similar relationships for buses 3 and 4.

The results can then be expressed in matrix form

0

0

0 0

bus

A B A B

A A C D C D

B C B C

D D

I Y Y Y Y V

I Y Y Y Y Y Y V

I Y Y Y Y V

I Y Y V



      
            

      
       

I Y V






 


For a system with n buses, Ybus is an n by n
symmetric matrix (i.e., one where Yij = Yji)
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YBUS GENERAL FORM

 The diagonal terms, Yii, are the self-admittance terms, 
equal to the sum of the admittances of all devices incident 
to bus i.  

 The off-diagonal terms, Yij, are equal to the negative of the 
sum of the admittances joining the two buses.

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

 Shunt terms, such as with the π-line model, only affect the 
diagonal terms.     

MODELING SHUNTS IN THE YBUS

from other lines

2 2

Since ( )
2

2
1 1

Note

kc
ij i j k i

kc
ii ii k

k k k k
k

k k k k k k k

Y
I V V Y V

Y
Y Y Y

R jX R jX
Y

Z R jX R jX R X

  

  

 
  

  

TWO BUS SYSTEM EXAMPLE

1 2
1 1

1 1

2 2

( ) 1 1
12 16

2 0.03 0.04

12 15.9 12 16

12 16 12 15.9

cYV V
I V j

Z Z j

I Vj j

I Vj j


    



      
          
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USING THE YBUS

1

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   matr

bus

bus bus

bus impedance





 

Y V I

Y I V Z I

Z ix

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 

S 1.0 (5.60

j

j j j

j j j j

V I

    

                       

  

V

*
2 2 2

0.70) 5.60 0.70

(0.8 0.2) ( 5.58 0.88) 4.64 0.41

j j

S V I j j j

  

        

SOLVING FOR BUS VOLTAGES

1

*
1 1 1

For 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

S (0.0738 0.902) 5 0

j j j

j j j

V I j



    

                       

    

I

*
2 2 2

.37 4.51

( 0.0738 1.098) ( 4.8) 0.35 5.27

j

S V I j j



       
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YBUS IN POWERWORLD

 To see the Ybus in PowerWorld, select Case Information, 
Solution Details, Ybus

 For large systems most of the Ybus elements are zero, giving 
what is known as a sparse matrix 
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