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1. (17 points total) 
 
A 60 Hz generator is supplying 300 MW (and 0 Mvar) to an infinite bus (with 1.0 per unit 
voltage) through two parallel transmission lines.  Each transmission line has a per unit 
impedance (100 MVA base) of 0.1j.  The per unit transient reactance for the generator is 
0.05j, the per unit inertia constant for the generator (H) is 10 seconds, and damping (D) is 
zero (all with a 100 MVA base). 
 
At time = 0 one of the transmission lines experiences a balanced three phase short to ground 
one half (1/2) of the way down the line from the generator to the infinite bus (i.e., model 
the line with 1/2 its original impedance on the generator side and 1/2 on the infinite bus 
side).   
 
(8 pts) a.  Using the classical generator model discussed in class (constant voltage 

behind transient reactance), determine the prefault internal voltage 
magnitude and angle of the generator. 

 
(5 pts) b. Express the system dynamics during the fault as a set of first order 

differential equations. 
 
(4 pts) c. Using Euler's method, determine the generator internal angle at the end of 

the second timestep.  Use a timestep of 0.02 seconds. 
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2. (Short Answer: 35 points total – seven points each) (continued on 

next page); there are six problems and you should only answer 
five of them. Just write “Skip” for the one you wish to skip; if 
desired you can answer all of them, and then I will only grade the 
first five (i.e., A. through E.) 

 
A. As described during lecture, in three or four sentences explain the power system 

significance of the term IBR 
 
The term inverter-based resources (IBRs) is used to refer to devices that connect to 
the power grid through an inverter. An inverter is a device that takes a dc input and 
converts it to ac at a specified frequency; a rectifier is the inverse of an inverter, dc 
to ac. Inverters can produce or absorb reactive power, providing great flexibility; 
however, they are limited by their power rating . IBRs are now widely used in the 
power grid to connect in wind turbines, solar photovoltaic arrays (pv), storage, and 
HVDC. IBRs usually have little or no inertia, and provide very low fault current. 
They also can provide very fast and flexible ramping.  
 
 
B.  Using three or four sentences, explain how loads are represented in transient 

stability, and how and why this representation differs from what is used in the 
power flow. 

 
The primary difference is the short time frame, and the potential need to include 
dynamics.  In power flow a constant power model is usually justified since the 
assumption is in the longer power flow time scale the distribution voltage control 
devices have responded, meaning the load is seeing essentially the same voltage.  
 
 
C.  Using three or four sentences, explain how the bus frequency on a large power 

system would respond in the first thirty seconds following the loss of a large 
generator. 

 
Initially the frequency would drop, with the rate of drop dependent upon the overall 
system inertia. During this time the bus frequencies could be quite different, with 
different portions of the grid seeing the initial change in frequency at different 
times. Within seconds the generator governors would start to respond, increasing 
the mechanical power into the turbines, causing the frequency decline to slow, and 
eventually to start to recover. However, the frequency would not recover all the way 
to the initial frequency (e.g., 60 Hz) because of the governor’s droop characteristics. 
On the order of a few minutes that automatic generation control, utilizing the area 
control error (ACE) signal would restore the grid to its initial frequency.   
 
 
 



 
D.  Assume the per unit losses on a small three generator system (with G1, G2 and 

G3) can be approximated as 0.03(PG1)2 + 0.08(PG2)2 - 0.01 (PG1×PG2). If the 
per unit generator outputs are PG1 = 2, PG2 = 1, PG3 = 2.5, what are the penalty 
factor for each generator? 
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E. Sketch the power-speed curve for a wind turbine generator, labeling the important 

points on the curve discussed in class.  
 

 
F. As discussed in class, what is contingency analysis and why is it used? 
 
Contingency analysis consists of automatically doing power flow solutions on a set of 
statistically likely “contingencies”, in which each continency consists of changes to 
the power system state. Example contingencies include transmission or transformer 
outages, or generator outages. Contingency analysis is used to ensure that the power 
grid has no violations even when a single device is outage. This is known as N-1 
reliability.  
 
 
 
 



3. (48 points total) True/False - Three points each. Circle T if 
statement is true, F if statement is False. 

 
T F 1. Explicit integration methods are never used for transient stability 

simulations since they are always numerically unstable. 

T F 2. With power system stabilizers, one or two washout filters are 
commonly used to “washout” (i.e., attenuate) the high frequency 
signals.  

T F 3. Governors are used to control the synchronous machine field 
voltage and current. 

T F 4. A negatively damped oscillation grows with time.  

T F 5. According to the August 14, 2003 Blackout report, inadequate 
situational awareness was at least one of the causes.   

T F 6. Large interconnected electric grids like ERCOT and WECC are 
immune from oscillations because of their tremendous size and the 
inherent damping provided by their high-speed governors.  

T F 7. In the Texas electricity market Congestion Revenue Rights (CRRs) 
can only be bought in the CRR auction; they cannot be traded or 
awarded by allocation.   

T F 8. Isochronous governors can be used with stand-alone generators. 

T F 9. The dc power flow solves for the per unit voltage magnitudes, 
assuming that the voltage angles are constant at zero degrees. 

T F 10. If the impedance of a 10 MVA, 22/220 kV transformer is j0.2 per 
unit on a 10 MVA base, its impedance would be j2 per unit on a 
100 MVA base. 

T F 11. In the ERCOT LMP markets generators can be paid more than 
they offer into the market.  

T F 12. The power in the wind increases linearly with the wind speed. 

T F 13. For applications in Texas rooftop solar PV often has a capacity 
factor greater than 50%.  

T F 14. While potentially a great carbon free energy source, with their 
rapidly growing capacity wind turbines are now the leading cause 
of bird morality in the US. 

T F 15. A large amount of the US transmission grid is privately owned. 

T F 16. The singular value decomposition (SVD) algorithm can be used in 
measurement-based electric grid modal analysis. 

 


