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The general power balance equations:

n
Pi = z |VL||Vk| (gik CcosS Bik + bik sin Hik) = PGL' — PDL'
k=1

n
Q = Z [VillVie| (gix SinBjy, — by cos 0;x) = Qgi — Qpi
=1

Example 1
For the two bus power system shown below, use the Newton-Raphson power flow to determine
the voltage magnitude and angle at bus two. Assume that Spa.. = 100 MVA.

Line Z = 0.1j
One 1.000 pu Two ——  1.000 pu
[ |
0 MW 200 MW
0 MVR 100 MVR
Steps

1. Make the system admittance (Y-bus) matrix.

2. For each bus, list the bus type and which variables (P, Q,V, 8) are known and unknown.
3. Write the power balance equations for this system.

4. Make the power flow Jacobian matrix.

5. Start with an initial flat start guess (voltages are 1pu, angles are 0)

6

Use the Newton-Raphson equation x¥+1 = x® — [1(x®)] ™ £(x™) to get successive
values of x.

7. Continue until the mismatch is less than 0.01.
8. Calculate the generator real and reactive power output given the bus voltages.
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Example 2
Following the same steps as Example 1, solve for all bus voltages and line flows.

Line Z = 0.1j
>—L—T—{——{»

1.000 pu Two

200 MW

Y .. ] ) 100 MVR
LineZ = 0.1j Line Z = 0.1j

[
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Example 3
For the following 5-bus system, assume bus 1 is the slack bus. Generator 1 is regulating the
voltage to 1.0 per-unit, and generator 3 is regulating the voltage to 1.05 per-unit. Line and
transformer data are given below.
T2
800 MVA
T1
1 5 Line 3 4  345/15kV 3 520 MVA
| g g 345kV g g )
O [ 3¢ 50 mi 3% O
400 MVA 800 MVA
VAN A -
15 kV h ﬁ I15kV
400 MVA 31»403 ky 2 | 345kv 40 Mvar 80 MW
mi =] = :
15/345kV = S| 200mi
2
280 Mvar % l 800 MW
Maximum
R’ X G B’ MVA
Bus-to- per unit per unit | per unit | per unit per unit
Bus
2-4 0.0090 | 0.100 1.72 12.0
2-5 0.0045 | 0.050 0.88 12.0
4-5 0.00225 0.025 0.44 12.0
Maximum
R X G, B, Maximum TAP
per per per per MVA Setting
Bus-to- unit unit unit | unit per unit per unit
Bus
15 | 000150 | 002 [ 0 | o 6.0 -
34 | 000075 | 001 | o [ o 10.0 —
1.

Make the system admittance y-bus matrix.

Make a table of system buses, explaining what the bus type of each will be, which

variables are known (and the values of the known variables) and which variables are
unknown for each bus.



