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Problem 1 (25 points)

A single-phase source, generating a voltage v(¢) = 1202 cos (3771) , 1s connected to a

single load. The power factor of the load is measured to be 0.8 lagging. A 8000 VAR
capacitor is then added in parallel to the load, and the power factor of the load and
capacitor combination is measured to be 0.9 leading.
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a) Find the average (real) power (P) and reactive power (Q) of the initial load (10 pts)
b) Determine the complex impedance (Z,,, ) of the initial load (5 pts)
¢) Determine () both before and after the capacitor is added to the system (10 pts)
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Problem 2 (25 points)

For distributed generation, UL1741 specifies a particular test to verify that the generator
will shut down when the grid is disconnected. In this problem, you must design the test.
The specifications of the generator are:

480 V (rms line-to-line three-phase)

5kVA

60 Hz
The requirements of the test are:

Overall power factor = 1.0

Resistive load equal to rating of the generator (Pr = Sgen)

Inductive load with Qp = 2.5 Sgen

Capacitive load with Qc =-Q

a) Determine the rated line current (5 points)

b) Determine the resistance, assuming a delta configuration (6 points)

c) Determine the inductance and capacitance, assuming a wye configuration (8
points)

d) Draw the circuit and label all impedances (4 points)

e) If the frequency were changed to 50 Hz, what would need to change? (2
points)
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Problem 3 (25 points)
Consider the structure below.
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T Sages
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'z < N, 19 N, >v2
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Given: N;=1000, N,=100; d; =10 cm, d2 =6 cm; w; =1 cm, w, =2 cm; g = 2 mm.
Depth into page is 2 cm. Permeability of the iron is 1000p,.
HINT: There are three important magnetic paths. One is d; long, two are (d;+2d,) long.

a) Label dots on the windings (5 points)

b) Draw the magnetic equivalent circuit and determine the reluctances (neglect
fringing and leakage) (7 points)

c) Solve the magnetic equivalent circuit to find the flux linkage in the two
windings, A1 and A,, as functions of i; and i, (9 points)

d) Determine L;, Ly, M, and k (4 points)
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Problem 4

A load is being supplied by a single-phase source (represented here as an ideal voltage
source behind a series impedance of 10 + j5 Q) and transformer, as shown in the
following diagram. The load, connected to the LV side of the transformer, has a complex
impedance of 2.5 +3j1.25 Q.
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a) Assuming the transformer is ideal, determine the turns ratio that maximizes the
average power delivered to the load (7 pts)

After performing a short-circuit test, it is determined that the transformer is not ideal, but
instead has parameters Rieq =1 Q, Xj¢q = 0.5 Q. The open-circuit test is not performed,
therefore R¢ and X, are neglected. Using these parameters, and the turns ratio calculated
in part (a):

b) Ifthe load is to be supplied at 120 V, find the RMS magnitude of the current
leaving the source. (7 pts)
c) Ifthe load is to be supplied at 120 V, what is the required RMS voltage
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