


Name ______________________________  CM______________

Midterm Exam

Fall 2005

       Problems1         ________ /  24
Problem 2
________ /  24
Problems 3-29
________ /  52
MidtermExam  Total Score:  _______ / 100

1) (24 points) Assume we want to control the system with plant transfer function
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using a unity feedback system with a controller and no prefilter, as shown below.

[image: image3]
 We want to use model matching to control our system. Our requirements are:

· a percent overshoot of 15%

· a settling time of 4 seconds

· a steady state error of 0 for a unit step input

a) Determine the closed loop transfer function
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and the corresponding controller 
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 that can be used to achieve this result.
b) Is your resulting system a type 1 system or not?

c) Assume we leave the denominator of your closed loop transfer function 
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the same as you found in part a, but we want to modify the numerator of the closed loop transfer function so the system has zero steady state errors for both  unit step and  unit ramp inputs. What should the new closed loop transfer function 
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be? 
This blank  sheet is for your work (if necessary)
2) (24 points) For the system with transfer function
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determine the unit step response of the system in the time domain using Laplace transforms.
This blank  sheet is for your work (if necessary)
Multiple Choice Problems 2 points each)
Problems 3, 4, and 5 refer to the unit step response of a system, shown below
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3) The best estimate of the steady state error  for a unit step input is

a) 0.2   b) -0.20   c) 1.0   d) -0.0  

4) The best estimate of the steady state error  for a unit ramp input is

a)  0.0     b) 0.25   c) 
[image: image11.wmf]¥

  d) impossible to determine   

5) The best estimate of the percent overshoot is

a) 200%   b) 100%   c) 67%   d) 20% 
6) The unit step response of a system is given by 
[image: image12.wmf]4
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The steady state  error  for a unit step input for this system is best estimated as

a) 
[image: image13.wmf]¥

   b) 0.5  c) 2.0   d) impossible to determine
Problems 7 and 8 refer to the unit ramp response of a system, shown below:
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7) The best estimate of the steady state  error is

a) 0.1    b) -0.1   c) 0   d) 0.4  e) -0.4
8) The best estimate of the steady state error for a unit step is

a) 1.0  b) 0.5  c) 0.0   d) 
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9) The unit ramp response of a system is given by
[image: image16.wmf]
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The best estimate of the steady state  error is

a)  0.5   b) 2.0   c) 1.0   d) 
[image: image18.wmf]¥

 

Problems 10 and 11 refer to the system described by the following transfer function
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10)  For a zero steady state error for a step input, the value of a should be

a) 0       b) 6        c) 1        d) 5
11) Assuming the value of a is chosen correctly, for a zero steady state error for a ramp input b should be chosen as 

a) 6      b) 0        c) 1        d) 7

12) For the block diagram below, the value of the prefilter 
[image: image20.wmf]pf
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 that produces zero steady state error for a unit step is:

a) 1       b) 2      c) 3       d) 
[image: image21.wmf]3
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[image: image22]
Problems 13 and 14 refer to a system with poles at -2+5j. -2-5j. -10+j, -10-j, and -20

13) The best estimate of the settling time for this system is

a) 2 seconds     b) 0.4 seconds   c) 4/5 seconds    d) 0.2 seconds

14) The dominant pole(s) of this system are 

a) -2+5j and -2-5j    b) -10+j and -10-j   c) -20  

Problems 15-17 refer to the figure below, which shows the unit step response of a real 2nd order system and the unit step response of a second order model we are trying to match to the real system. 
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15) In order to make the model better match the real system, the damping ratio of the model should be

a) increased      b) decreased     c) left alone     d) impossible to determine

16) In order to make the model better match the real system, the natural frequency of the model should be

a) increased       b) decreased     c) left alone    d) impossible to determine
17) In order to make the model better match the real system, the static gain of the model should be

a) increased       b) decreased     c) left alone    d) impossible to determine

18) For the block diagram below, the value of the prefilter 
[image: image24.wmf]pf
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 that produces zero steady state error for a unit step input is:

a) 1       b) 3/2      c) 3      d) 1/3


[image: image25]
Problems 19 and 20 refer to the following impulse responses of six different systems
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19) The number of unstable systems is
a)   1     b) 2     c) 3     d) 4

20) The number of marginally stable systems is

a)   1     b) 2     c) 3     d) 4

21)  Assuming we are going to use the linear quadratic method for determining a closed loop transfer function 
[image: image27.wmf]()
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 by minimizing the following expression:
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Consider the response of the resulting closed loop system as the weighting parameter 
[image: image29.wmf]q

is decreased
i) nothing will change   ii) the settling time will decrease   iii) the settling time will increase

iv) the control effort will decrease  v) the control effort will increase

Which of the following is most likely to happen:

a) i     b) ii and iv    c) ii and v    d) iii and iv   e) iii and v  

22)  Assume we are using model matching to determine the controller in the following system.


[image: image30]
The plant is given by 
[image: image31.wmf]
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Which of the following candidate closed loop transfer functions are acceptable?
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Circle all that apply:    a) 
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      b ) 
[image: image36.wmf]B

G

      c)  
[image: image37.wmf]C

G

      d) 
[image: image38.wmf]D

G

     e) 
[image: image39.wmf]E

G

 

23) The unit step responses of four systems with real poles is shown below. Which system will have the largest bandwidth?

a) System A    b) System B    c) System C     d) System D
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24) The magnitude of the frequency response of four systems with real poles is shown below. Which system will have the smallest settling time?

a) System A   b) System B    c) System C     d) System D
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Problems 25 and 26 refer to the following root locus plot
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25) Is it possible to find a value of k so that -6 is a closed loop pole?

a) Yes   b) No

26) For k = 623, two poles of the closed loop system are purely imaginary. In order for the system to remain stable

a)  
[image: image43.wmf]0623
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   b)  k > 623    c) k > 0     d) k < 0

Problems 27 and 28 refer to the following root locus plot
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27) Is it  possible to find a value of k so that -5 is a closed loop pole?

a) Yes   b) No

28) For k = 0.795, two poles of the closed loop system are purely imaginary. In order for the system to remain stable

a) 0 < k < 0.795    b)  k > 0.795    c) k > 0     d) k < 0

29) Which of the following transfer functions represents a stable system?
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a) all but 
[image: image46.wmf]c

G

   b) only
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  c)  only 
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  d) only 
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e)  only 
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