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ECL 4340

POWER SYSTEMS

LECTURE 11
TRANSMISSION LINE REACTIVE
COMPENSATION, Y-Bus MATRIX, POWER
FLows

[EnY

© Read Chapter 2.4, Network Equations.

® Read Chapter 6.

© HW #6 due October 14, Friday, in Canvas.
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o First step in solving the power flow is to create what
is known as the bus admittance matrix, often call the
Ybus'

o The Y, gives the relationships between all the bus
current injections, I, and all the bus voltages, V,
=Y,V

o The Y, 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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Determine the bus admittance matrix for the network
shown below, assuming the current injection at each bus i
is I, = I; - 15, where I, is the current injection into the bus
from the generator and /)y, is the current flowing into the
load
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By KCL at bus 1 we have

L = g —1p
I = Ih+1z = 71/171/2*71/14/3
Z, Zg
. 1
I = N=-V)Y,+(V=V3)Yp (WltthZ?)

J
= WY =Y, V- 15

Similarly
Iy = Ly +1y+1y
= Y N+Xy+ Yo+ ), =YV =1V,

23

We can get similar relationships for buses 3 and 4.

The results can then be expressed in matrix form

I =Y,V
L [Y+Y -Y, -, 07N
L| | =Y, Y+Ye+Y, Yo -Y,|F
L | - Y. Ye+Ye 0 ||1
I, 0 ~Yp 0 Y, |7

For a system with n buses, Y, is an n by n
symmetric matrix (i.e., one where ¥; = ¥})

24
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++ The diagonal terms, Y, are the self-admittance terms,

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

< The off-diagonal terms, Y, i are equal to the negative of the
sum of the admittances joining the two buses.

< With large systems Y, is a sparse matrix (that is, most
entries are zero)

< Shunt terms, such as with the n-line model, only affect the
diagonal terms.
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If the voltages are known then we can solve for

the current injections:
Y, V=1

If the current injections are known then we can

solve for the voltages:
-1
YbusI =V= ZbusI

where Z ¢ is the bus impedance matrix

N
[0}

For example, in previous case assume

1.0
V=
[0.8 - jO.Z}

Then
{12—j15.9 —12+j16}{ 1.0 } {5.60—]‘0.70}

~12+16 12-;159/0.8—j0.2] |-5.58+ j0.88

Therefore the power injected at bus 1 is
S, = VI =1.0x(5.60+ j0.70) = 5.60 + j0.70
S, = VZI; =(0.8—-,0.2)x(-5.58 - j0.88) = —4.64 + j0.41

N
o

For example, in previous case assume

o {_5408}

Then
{12—]’15.9 —12+j16]1[ 5.0 } B { 0.0738—,0.902 }

-12+ /16 12-,159| |48
Therefore the power injected is
S, =V} =(0.0738— j0.902)x5=0.37 — j4.51
Sy =V,I, = (=0.0738 — j1.098) x (—4.8) = 0.35 + j5.27

—0.0738 — j1.098
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= To see the Yy, in PowerWorld, select Case Information,
Solution Details, Ybus

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

BTN (i) oo oreines  Toos  Options  AddOns  Window ©-+-H

WU RETEEE ®E - - Model Explorer: VBus - Case: Lab3_Bus3.PWB Status: Initialized | Si. - o X

B GO0 A 8 [ 08| Reordr oo~ set- Conmns- B |- W B4 w0 BB v
> B | | rier [advanced] [Bus v [¥]Find... Remove Quick Fiter =
v
) | numoer Neme | Bus 1 | eus 2 Bus 3|
| i[Bus 1 | A 58571925 5501835
2] 2[bus2 58511923 9353758 5,50 + /1835
3 slBus3 5501835 5501835 11.01-j36.70
>y

Op | search Search Now Options

31

10/4/2022

11



