
Midterm

EE 454 Power System Analysis

Due Nov 12th at 11:59pm. Submit to
https://canvas.uw.edu/courses/1396999/assignments/5836046

There are three pages, 7 questions worth 110 points and a bonus question worth 15 points.
Read the questions carefully, show your work and clearly indicate the answer.

Problem 1. [10 points] Consider a single phase 132kV/11kV transformer. The total series
impedance referred to the primary side is 1 + j8 Ω. The transformer supplies a load of
50 + j30 MVA at 10 kV on its secondary side. Find the following:

a) The voltage at the primary side of the transformer.

b) The active and reactive power on the primary side of the transformer.

Problem 2. [10 points] A completely transposed, three phase transmission line has two-
conductor bundles spaced as shown below in Fig. 1. The conductors have a diameter of
0.05m.

a) Find the per phase inductance of the line in H/m.

b) Find the per phase reactance in Ω/m in a 50 Hz system.

Figure 1: Figure for problem 2.

Problem 3. [25 points] Consider the digram of a system in Fig 2. The values shown are
impedances in per unit.

a) Find the admittance matrix (i.e., the Y matrix) of this network using the bus numbers
on the figure.

b) Suppose the current source at bus 2 is 1 p.u. Find the current flow from bus 1 to bus
4.
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Figure 2: Figure for problem 3.

c) Find the new admittance matrix when a new line with an impedance of j0.1 per unit
is added in parallel between bus 3 and bus 4.

Problem 4. [10 points] Sketch the diagram of a network which has the following admittance
matrix. In the matrix, ∗ denote a nonzero value. Please indicate the bus numbers. Note
only the topology of the network is required.

Y =


∗ ∗ 0 ∗ ∗
∗ ∗ ∗ 0 0
0 ∗ ∗ ∗ 0
∗ 0 ∗ ∗ ∗
∗ 0 0 ∗ ∗


Problem 5. [15 points] A single-phase 80 kVA, 3600/240 V, 60 Hz transformer is used
as a step-down transformer from a source to a load. The source has a series impedance
of 1 + j1.5 Ω. The equivalent series impedance of the transformer is 1 + j2 Ω referred to
the primary side. The transformer is delivering 64 kW+j36 kVAr of power at the rated
secondary voltage. Ignore the any shunt elements. Find the source voltage, and the active
and reactive power delivered by the source in per unit. Use 100 kVA as the power base.

Problem 6. [20 points] A 300-km, 60 Hz , single-phase line has a series impedance of
z = 0.1 + j0.7 Ω/km and shunt admittance of y = j30 × 10−6 S/km.

a) Find the equivalent π-model (i.e., the Z ′ and Y ′ values). Do not make approximations.

b) Suppose this line is supplying a load that consumes 10 MW at unity power factor (that
is, zero reactive power) and the receiving end voltage is 230 kV. Find the sending end
voltage.
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Problem 7. [20 points] A three-phase transformer rated at 5MVA, 115 kV/13.2 kV has
per-phase series impedance of (0.007 +j0.075) per unit. This transformer is connected to a
transmission line which can be represented by a series impedance per phase of (0.02 + j0.10)
per unit on a base of 10MVA, 13.2 kV. This line supplies a balanced three-phase load of
3.4 MW + j1 MVAr at 13.2 kV. Use 10MVA as the power base. Find the load impedance
in per unit. You can assume the load is Y -connected.

Problem 8. [15 points] This is a bonus question.
Two transformers each rated 115kV/13.2 kV operate in parallel to supply a load of 35MVA
at 0.8 power factor lagging. Transformer 1 is rated at 20MVA with X=0.09 per unit, and
transformer 2 is rated at 15MVA with X=0.07 per unit. Find the apparent power output of
each transformer and the apparent power to which the total load must be limited so that
neither transformer is overloaded.
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