Power Flow Examples
1.0 Introduction
We will solve the same problem in three different ways:

· Full Newton

· Fast decoupled

· DC

This problem and the solution by full Newton and the solution by decoupled power flow were adapted the problem in [
].

2.0 The Problem

The network to be solved in shown in Fig. 1. 
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Fig. 1
In the network, charging capacitance has been neglected. All admittances are represented in pu on a 100 MVA base.
The Y-bus is given below:
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We will ignore reactive limits. Stopping criterion is |ΔPk|, |ΔQk|<ε=0.001.
3.0 Solution by Full Newton

Bus 1 is the swing bus, bus 2 is a PV bus, and bus 3 is a PQ bus. Therefore, the equations we need are:
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Using a 100 MVA base, P2=-4.0, P3=2.0, and Q2=-2.5. Then 
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where:
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We use a “flat start” for the first iteration:
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And then the mismatch vector is:
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We then get the Jacobian elements using

[image: image9.wmf](

)

)

cos(

)

sin(

)

(

11

q

p

pq

q

p

pq

q

p

q

p

pq

B

G

V

V

x

P

J

q

q

q

q

q

-

-

-

=

¶

¶

=






[image: image10.wmf]2

11

)

(

)

(

p

pp

p

p

p

pp

V

B

x

Q

x

P

J

-

-

=

¶

¶

=

q







[image: image11.wmf](

)

)

sin(

)

cos(

)

(

21

q

p

pq

q

p

pq

q

p

q

p

pq

B

G

V

V

x

Q

J

q

q

q

q

q

-

+

-

-

=

¶

¶

=
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Again, using the “flat start” solution:
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We evaluate the above expressions to get the the Jaobian matrix, resulting in:
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Our update equation is then
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Solution to this yields:
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The updated solution is then
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For the second iteration, we get
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 Solution to this yields:


[image: image24.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

-

-

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

D

D

D

001767

.

0

000985

.

0

001795

.

0

2

3

2

V

q

q


The updated solution is then
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For the third iteration, we get
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We note that the mismatch vector satisfies the stopping criterion, but we will go ahead and complete this iteration to obtain:


[image: image27.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

-

-

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

D

D

D

0000044

.

0

0000024

.

0

000038

.

0

2

3

2

V

q

q


The updated solution is then
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So solution is obtained in 3 iterations.
4.0 Solution by FDC-nonalternating
Recalling that the Y-bus is
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To obtain the B-matrix, we use the imaginary parts of the Y-bus elements only, to get:
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To obtain the matrix we will use to obtain updates on the angles, we remove the first row and column. Let’s call this B’: 
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Since bus 3 is a PV bus, we will not have a reactive power equation for it, and so to obtain the B-matrix on the update equation we need to remove the corresponding column and row. This will be the second row and column of the B’ matrix. We can call the resulting matrix B’’. It is
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Recalling from the above example that for the “flat start”


[image: image33.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

0

.

1

0

0

2

3

2

V

q

q


The mismatch vector is:
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Then the first iteration of the FDC (non-alternating) is:
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Solution to these equations yields:
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The updated solution is then
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The mismatch vector for the new solution is computed to be
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And the solution is repeated. The algorithm requires 13 iterations before the stopping criterion on the mismatch vector is satisfied, and the solution obtained is the same as the solution obtained by the full Newton.

5.0 Solution by FDC-alternating

This algorithm is the same as that presented in Section 4.0 except we will update the bus 3 reactive power mismatch vector with the angle solution obtained from the B’ matrix before we use the B’’ matrix to obtain the voltage update. This should result is less iterations.
6.0 Solution by DC Power Flow 
The B’ matrix is used here, with the real power injection according to

[image: image41.wmf]P

B

=

¢

-

q



[image: image42.wmf]ú

û

ù

ê

ë

é

-

-

=

¢

62

32

32

52

B



[image: image43.wmf]ú

û

ù

ê

ë

é

-

=

2

4

P



[image: image44.wmf]ú

û

ù

ê

ë

é

-

=

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

-

-

-

2

4

62

32

32

52

3

2

q

q



[image: image45.wmf]ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

-

=

ú

û

ù

ê

ë

é

0.0109

-

0.0836

-

2

4

0.0236

-

0.0145

-

0.0145

-

0.0282

-

3

2

q

q


Need to review the comparison here. Compare to full Newton solution:
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To compare the two answers in terms of flows, one can use the approximate DC flow equation, given by:
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where the Bkj elements are given by
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From the DC approximate solution:
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From the Full Newton solution, but using the approximate DC flow equations:
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Note the off-diagonal submatrices are not all zero in this case, in contrast to the example given in “PowerFlowAlgorithm.doc,” (pg. 10) because here G≠0.








[�]  H. Saadat, “Power System Analysis,” 1999, McGraw-Hill.
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