EE 457, Exam 2, Spring 2006, Dr. McCalley, Time: 50 minutes, 
Closed book, closed notes, no computer, calculators, or cell phones allowed
1. (36 pts) For the system below, the values of fault currents are as follows:

· Line-line fault at bus 3: 300 A.

· Three-phase fault at bus 2: 500 A.
Possible CT ratios are:50:5, 100:5. Possible taps are 4, 5, 6, 7, 8. The coordination time is specified to be at least 0.35 seconds.  Provide the CT ratios, the pickups, and the time dial settings for R1 and R2. Use the GE IFC-53 relay. The time-overcurrent characteristic of this relay is given on the back.
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Solution: 

Set R2: Take safety factor of 3: 300/=100. If we choose 50:5, we get (5/50)*100=10, too high. If we choose 100:5, we get (5/100)*100=5. 
( Choose 100:5 as CT Ratio.

( Choose tap of 5.

We will choose a TDS for R2 as fast as possible. 

( Choose TDS=1/2.
Set R1: R1 must serve as backup for R2 and therefore selection of R2 CT ratio and tap must be based on LL fault at bus 3. Since this is what we used for setting R2, the CT and tap will be the same as R1:

( Choose 100:5 as CT Ratio.

( Choose tap of 5.

We must choose a TDS for R1 to give at least 0.35 seconds delay for maximum fault current in the R2 zone. This would be for a three-phase fault at bus 2, which is specified to be 500 A, giving 500/100=5 times the pickup. From the time-overcurrent curves, we see that R2, with TDS=1/2, will operate in 0.15 seconds. So R1 should operate in 0.15+0.35=0.5 seconds. From the time-overcurrent curve, we find the TDS that gives a 0.5 second delay at 5 multiples of pickup is 2.
( Choose TDS of 2.

Each ( is worth 6 points
2. (34 pts) The equal-area criterion is 
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. Consider the very rough approximations of the P-( “power angle curves” for a synchronous machine connected to an infinite bus in the following figure. The curves characterize the P-( variation for pre-fault and post-fault 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. Hint: It is OK to perform calculations in units of degrees for this problem.
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Solution:
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(.
Drawing the correct diagram is worth 20 points (10 points for each area).  The remaining 14 points are for finding the correct critical clearing angle (within a margin of error since no calculators were allowed).
3. (30 pts) True-False: 

_F_Backup protection is used in order to enhance the overall security of the protection design.

_F_Direction relays operate by comparing magnitudes of current phasors entering and exiting the bus.
_T_Single loop systems require directional relays in order to perform the necessary coordination.

_T_Impedance relays have better discriminatory abilities than overcurrent relays as they depend on I & V.

_F_Impedance relays are set so that impedance associated with normal load conditions is near the trip zone.

_F_Impedance relays have a primary reach (zone 1) of about 120% of the line they are protecting. 

_T_ A faster zone of protection must reach in distance beyond the reach of its backup.
_T_A reasonable H-constant for a synchronous machine rated at 500 MVA on a 100 MVA base, is 15.0 
_F_ When dδ/dt=0, the rotor is stationary with respect to the stator.
_T_If a synchronous machine was operating at its unstable equilibrium, and mechanical power reduced, the rotor would move to its stable equilibrium.
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