Practice Questions for Midterm Exam 2, Fall 2009
1.   Circle the one that most directly affects the overshoot. 


a. n 

b. d 

c. r 

d.  

e. 
2.   Circle the one that most directly affects the rise time. 


a. n 

b. d 

c. r 

d.  

e. 
3.   Circle the one that most directly affects the settling time. 


a. n 

b. d 

c. r 

d.  

e. 
4.   Circle the one that most directly affects the oscillation frequency. 


a. n 

b. d 

c. r 

d.  

e. 
5.   Circle the one that most directly affects the peak time. 


a. n 

b. d 

c. r 

d.  

e. 
6. Match the following controller transfer functions with the correct names.

a. 5



1.   Lead

b. s+5



2.   Lag

c. (s+5)/s


3.   lead-lag

d. (s+5)/(s+1)

4.   P (proportional)

e. (s+1)/(s+5)

5.   PD (proportional plus derivative)

f. (s+1)(s+5)/s

6.   PI (proportional plus integral)

g. (s+1)(s+5)/(s+2)^2
7.   PID (prop. plus int. plus derivative)

h. 5/(s+1)


8.   None of the above

7. Which one of the following can NOT be used to reduce overshoot?

a.  P,

b. I, 

c. D,

d. PID,

e. lead-lag

8. Which one of the following is used to eliminate nonzero steady-state error?

a.  P,

b. PI, 

c. PD,

d. lead,

e. lag

9. Which one of the following has the most similar use to a PD?

a.  P,

b. PI, 

c. lead,

d. lag,

e. lead-lag

10. Which two of the following are known to typically cause sluggish settling?

a.  P,

b. PI, 

c. PD,

d. lead,

e. lag

11. If the root locus does not pass through the region for the desired closed-loop poles, which two of the following could be useful?

a.  P,

b. PI, 

c. PD,

d. lead,

e. lag

12. If the signal to the controller is noisy, which one of the following should not be used?

a.  P,

b. PI, 

c. PD,

d. lead,

e. lag

13. An LTI system has characteristic polynomial d(s) = s4 + 2Ks3 + (1+ K2)s2 + 2Ks + K2. Find conditions on K such the system is 1) asymptotically stable, or 2) marginally stable, or 3) unstable.

14. Roughly hand sketch the root locus 1 + K(s+1)/s = 0 as varies from K = 0 to (.

15. Roughly hand sketch the root locus 1+ K(s+1)/(s2+2s)  = 0 as K = 0 to (.

16. Roughly hand sketch the root locus 1+ K(s+1)/(s2+4) = 0 as K = 0 to (.

17. Roughly hand sketch the root locus 1 + K/{(s+1)(s2+1)} = 0 as K = 0 to (.

18. Roughly hand sketch the root locus 1 + K/{(s+1)(s2+4s)} = 0 as K = 0 to (.

19. Roughly hand sketch the root locus 1 + K(s+3)/{(s+1)(s2+4s)} = 0 as K = 0 to (.
20. For the following pole/zero maps for G(s), roughly hand sketch the root locus 1 + KG(s) = 0 as K = 0 to (. The qualitative shape and key angles need to be correct. Clearly mark the direction on each branch.
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21. Consider a control system given in the following block diagram:

                       +

                              _

where G(s) = 1/{s(s+1)(s+2)}. Sketch the root locus as K = 0 to ( and answer the following questions.

a. What is a rough estimate of the break-away point?

b. For what value of K will the closed-loop system admit sustained oscillation and at what frequency?

c. Is it possible to achieve Mp < 5% and ts < 2 second?

22. Hand sketch the root locus 1+ K(s+1)/(s2+2s+2)2 = 0 as K = 0 to (. How many asymptotes are there, at what angles, where do they meet? What are the departure angles? 

23. Hand sketch the complete Nyquist plot of  G(s) = 1/[s(s+1)2]. Where does the plot go as w ( 0+ ? How does the plot behave as w ( + ( ? Is there any axis-crossing? Where? 

24. Given the Nyquist plots of G(s). Assume G is a strictly proper open-loop TF of a unity negative feedback system and G has no unstable poles. 1) Use the Nyquist criteria to determine the number of unstable poles of the closed-loop system. 2) Determine the gain margin and phase margin. 3) Find the range that the gain can be changed in order to main tain closed-loop stability. (The unit circle is shown.)



25. Consider the system given in the following block diagram. Assume k1, k2 and p are all positive. r is the reference signal for the output y. 

a. Determine if the closed-loop system is stable.

b. Determine the system type with respect to r.  



c. Determine the position, velocity and acceleration error constants.
d. Determine the system type with respect to d.


e. If r is a unit step and d=0, fine the steady state tracking error.

26. Consider the system in the previous problem. 
· Design the controller parameters k1, k2 and p so that the closed loop poles are at –10+j10 and –10-j10.

· With your design parameters, estimate the rise time, settling time, and percentage overshoot in the closed-loop step response.
27. Which one of the following closed-loop systems has the fastest settling time? Circle the right answer. 
a. H(s)=
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b. H(s)=
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c. H(s)=
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28. Which one of the following closed-loop systems has the fastest oscillation? 
a. H(s)=
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b. H(s)=
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c. H(s)=
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29. Which one of the following closed-loop systems has the largest percentage overshoot? 
a. H(s)=
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b. H(s)=
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c. H(s)=
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30. A closed-loop system has step response given below. 
a) Is this system a prototype second order system?


b) This system has one zero, do you think it is in the left or right half plane?

c) Is the system BIBO stable or unstable? 


31. Base on the step response in the previous problem, estimate the following. 
d) The rise time: 

.

e) The delay time: 

.

f) The peak time: 

.

g) The 2% settling time: 

.

h) The percentage overshoot: 

.
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32. In a unity feedback set-up, the open-loop transfer function G(s) is stable and minimum phase with all real coefficients. The Bode plot of G(s) given.
a) Find the gain crossover frequency, phase crossover frequency, gain margin, and phase margin.

b) Determine the closed loop stability.

c) Determine the system type and estimate the steady state tracking error in the closed loop unit ramp response.

d) If the overall system gain is increase by 10 times, what happens to the closed- loop stability?
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33. A unity gain feedback control system has a forward transfer function whose Bode plot is given below. 
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a. What is the gain and phase cross over frequency, gain margin, phase margin?
b. Is the closed-loop system stable?
c. If the controller gain is to be adjusted, by how much can it be increased without losing closed-loop stability? By how much can the gain be reduced?
d. If the actuator causes a pure time delay, how much delay can be tolerated?
e. What is the system type, what are the position, velocity, and acceleration error constants? 

f. What would be the steady state tracking error if a unit step, or unit ramp, or unit acceleration input is applied?
g. Estimate the percentage overshoot, peak time, rise time, settling time, and (ringing) oscillation frequency in the closed-loop unit step response.

h. Estimate the dominant pole pair in the closed-loop system.

i. Estimate the DC value, -3 dB bandwidth, resonance frequency, and resonance peak in the closed-loop frequency response.

34. A unity feedback control system has a strictly proper stable open loop transfer function whose Nyquist plot is given below together with the unit circle.


[image: image13]
j. Draw the Nyquist plot for negative frequency.

k. Complete the Nyquist plot into a closed curve.

l. Mark directions on the Nyquist plot for increasing frequency.

m. Count the number of encirclement.

n. Determine the closed-loop stability.

o. Determine the phase margin.

p. Determine the gain margin.

q. Mark the phase margin measure on the graph.

r. Determine the ranges over which the system gain can be changed without losing stability.

s. What is the system type? 
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