EE 554, Exam I, Spring 2003, Dr. McCalley
Time: 50 minutes, open book, open notes, calculators allowed

1. (30 pts) Consider the very rough approximations of the P-( “swing curves” for a synchronous machine connected to an infinite bus in the following figure. The curves characterize the P-( variation for pre-fault and after fault-clearing conditions. The generator mechanical power is 0.5 pu. Assuming these curves to be an accurate portrayal of the P-( relation, compute the critical clearing angle for a 3-phase fault at the machine terminals.
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The equation of the after-fault clearing curve, for (<90, is P=(0.8/90)(=0.0089(. The point of intersection between the P=0.5 line and the after fault-clearing curve is where 0.0089(=0.5((=56.25(. The maximum angle is 180-56.25=123.75(. Let’s assume that the critical clearing angle (C, is greater than 56.25(. In that case, the figure below illustrates the application of the equal area criterion (EAC) for critical clearing angle:
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EAC requires that (area of rectangle)=(area of big triangle)-(area of small triangle), i.e.,
((c-45)(0.5)=1/2(123.75-56.25)(0.3)-1/2((c-56.25)(0.0089(c-0.5)( (2=4171.3((c=64.586(.
2. Answer the below questions:

a. (20) Indicate, for each of the below data changes, whether you would expect the system to move closer to,  further from, or not move, with respect to  the MW-loading “distance” to the voltage collapse point.

i. Load characteristics changed from 100% constant impedance to 50% constant current, 50% constant power. 

Closer to.

ii. Qmin of all generators is doubled (e.g., -50 MVAR is changed to -100 MVAR).
Not move.

iii. A series capacitor is inserted into a heavily loaded transmission circuit 

Further from.

iv. A shunt reactor is switched in at a high voltage bus having a voltage of 0.94 pu.

Closer to.
v. We remove the regulating capability of some LTC’s feeding some heavy loads modeled as 100% constant impedance, 

Further from.
b. (20) Consider a small ball sitting in the bottom of a rounded bowl. If you give the ball a push, it will climb the side of the bowl. It might go over the edge, and it might not. Identify what in this ball-bowl experiment is analogous to the following aspects of the power system stability problem:

i. The stable equilibrium point and the unstable equilibrium point.

The SEP is the bottom of the bowl. The UEP is the top of the edge.

ii. The severity and duration of a fault.

The force of the push.

iii. During the “first-swing” when the generator is experiencing acceleration.

During the push.

iv. During the “first-swing” when the generator is experiencing deceleration.

After the push, when the ball is going up the side of the bowl.

v. The critical stability case, when speed is just zero at the unstable equilibrium point.

When the push is just enough for the ball to reach the edge of the bowl but not go over.

c. (10) Assume a reasonable H-constant for a synchronous machine rated at 500 MVA. Based on your assumption, compute the MW-sec of this machine.

Assume H=3( MW-sec=3*500=1500 MW-sec.

d.  (5) Why is Park’s transformation necessary?

Park’s transformation is necessary because without it, the stator self and mutual inductances and the stator-rotor mutual inductances are time varying, the direct use of which results in a differential equation having time-varying coefficients.
e. (5) The per-unitization method that we have applied is sometimes called the reciprocal system of per-unitization. What is the implication of the word “reciprocal”, and how does this implication relate to the equivalent circuits that we developed?
“Reciprocal” refers to the fact that, in our per-unit system, reciprocal mutuals are equal. This implies that are able to develop an equivalent circuit from the mathematical model.
f. (5) Why were we motivated to derive the flux-linkage state-space model when we had the current-state-space model?

To enable the representation of saturation effects.

g. (5) What is (AD?

This is the per-unit mutual flux linking the d, F, and D-windings and is given by the difference between the main flux of each of these windings and their respective leakage fluxes.
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