EE 475 Fall 2006 Final Exam

Name




Instructions:

1. This is a closed-book and closed-notes exam for individual work. You may have two sheets of formulae of size no larger than US letter. Calculator is allowed.

2. Time for the exam is 120 minutes.

3. Do all problems. The points for each problem are marked in the parenthesis after the problem. Total points are 100.

Problems:

1. Consider a linear control system given by the following state space model.
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a) Determine the characteristic values (eigenvalues) of the system. (3 pts)

b) Determine the state transition matrix eAt. (5 pts)

2. Consider the same system given in problem 1.

c) Determine the transfer function from u to y and its poles and zeros. (3 points)

d) Determine the internal stability and I/O stability of the system. (3 points)

3. Determine the controllability and observability of the system given in problem 1. (6 points)

4. For the system given in problem 1, give a new 3rd order state space representation in controllability canonical form and one in observability canonical form. (6 points)
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Find the transfer function from r to y and the transfer function from e to y. (10 pts)
6. Consider the system below and let p=0.

a. Determine conditions on K and z so that the system is stable. (6 points)

b. Determine all possible conditions on K and z so that the system will have sustained oscillation. Find the oscillation frequency. (8 points)


7. Hand sketch the root locus of   1 + KG(s) = 0 as K varies from 0 to +∞, where 
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8. Make sure you provide verbal description on the following: open-loop pole/zero map; real axis decision; asymptotes; estimation of breakaway points; and jw-axis crossing. (12 points)
9. For the system given in problem 6, is it possible to select an appropriate K value to achieve the following step response specification? ts <= 8 sec for 2% tolerance; Mp <= 10%; and tp <= 3 sec. If possible, determine such a K. If not possible, suggest an appropriate controller type and explain why it can work. You don’t need to numerically design the controller. (10 points)
10. The open-loop transfer function of unity feedback control system is tested experimentally to obtain its frequency response. The data is presented in the following Bode plot.
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1) Find the gain crossover frequency, phase crossover frequency, gain margin, and phase margin, and mark them on the graph. (3 pts)

2) Determine the closed loop stability. (1 pts)

3) Estimate the percentage overshoot, settling time, and rise time in the closed-loop unit step response. (5 pts)

4) Determine the system type, estimate the velocity error constant and the steady state tracking error in the closed loop unit ramp response. (3 points)

5) Estimate the bandwidth, resonance frequency, and resonance peak of the closed-loop frequency response. Hand sketch the closed-loop magnitude response and label BW, r and Mr on the graph. (6 points)

11. In a unity feedback set-up, the open-loop transfer function G(s) is stable and its Nyquist plot for >0 is given below.

1) Draw the complete Nyquist plot, label w=0+, +∞, –∞, 0–, and arrows for increasing frequency. (3 pts)

2) Determine the number of encirclement of the “-1” point, the number of unstable closed-loop poles, and the closed-loop stability. (3 pts)

3) Make appropriate additions to the Nyquist plot and use these to estimate the gain margin and phase margin. (4 pts)

4) By what ratio can the system’s overall gain be increased or reduced before losing closed-loop stability? (2 pts)
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