
Homework 2

EE 554 Large Scale Power Systems

Due April 30, 11:59pm by email.

Problem 1. Power Flow. In class, we saw power flow can be computed iteratively via
solving an equation of the type

A

[
∆θ

∆|v|

]
=

[
∆P
∆Q

]
, (1)

to find the updates ∆θ and ∆|v|. The main difference between algorithms is how the matrix
A is obtained. These are three popular ways:

1. Full Jacobian: The full power flow Jacobian is calculated at every step to find the
matrix A (so A = J).

2. Decoupled Power Flow: A is assumed to be block diagonal, that is, it has the form

A =

[∂P
∂θ

0

0 ∂Q
∂|v|

]
(2)

and ∂P
∂θ

and ∂Q
∂|v| are computed every time step.

3. Fast Decoupled Power Flow: A is approximated by constant matrices as

A =

[
B′ 0
0 B′′

]
(3)

where B′ and B′′ are constant matrices.

Problems.

1. Consider a 3 bus network where all the buses are connected to each other. Suppose
bus 1 is the slack bus (with voltage at 1p.u.), bus 2 and bus 3 are PQ buses, and the
line impedance is r + jx for all lines. Calculate the power flow Jacobian J .

2. Suppose r = 1 and x = 1. Compare the following three algorithms: Newton, decoupled
power flow, and fast decoupled power flow. Pick P and Q to simulate lightly loaded
case, medium loaded case and heavily loaded case.

3. Reduce r and keep x at 1. Compare decoupled power flow and fast decoupled power
flow. Which one performs better at different values of r? Again consider lightly loaded
case, medium loaded case and heavily loaded case.
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Problem 2. State Estimation.
Consider the circuit in Fig. 1. The set of measurements are z1 = 4.27A, z2 = −1.71A,
z3 = 3.47V , and z4 = 2.50V . The parameters are R1 = R3 = R5 = 1.5Ω and R2 = R4 = 1Ω.

• Find the least square estimate of V1 and V2 if the all measurements are equally accurate.

• Suppose the errors in z1 and z2 have half the standard deviation of the errors in z3 and
z4, find the least square estimate of V1 and V2.

• Suppose the σ1 = 0.01, σ2 = 0.01, σ3 = 0.02 and σ4 = 0.02. Using the Chi-square test
of inequality with α = 0.01, is there bad data in the measurements? Hint: perform
state estimation, find the error between the estimated value and the measured values,
and check if this is within the confidence interval of a chi-square random variable with
4 degrees of freedom.

Figure 1: Circuit diagram
.

Problem 3. Project.
Write a couple of paragraphs describing the project you’re thinking about.
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