EE 475 Final Exam, Fall 2009

Name:
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Hand sketch the root locus for the system below, as K varies from 0 to +inf.

2. For the system in part one, find the jω axis crossing point and the corresponding K value. 
3. Use block diagram reduction techniques to reduce the following block diagram. Show each step and finally find the transfer function [image: image2.png]¥ls)
T(s) = ®
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4. An interactive control system with two inputs and two outputs is shown below. Use Mason’s signal flow gain formula to solve for [image: image5.png]¥,(5)/Ry(5)
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 Identify all forward paths, all loops, non-touching loops, and all determinants.
[image: image10.emf]
5. In a Bode based lead controller design, suppose that w_gcd, PM_d, and G_wgcd have been determined. Write a few lines of Matlab code that a) determine the amount of phase lead the controller needs to contribute, b) compute the pole and zero of the lead controller, and c) compute the correct gain K for the lead controller. 
6. In a root locus based controller design, it has been decided that a lead controller is needed to place the dominant pole at a desired value p_d. The plant transfer function is defined in G. Write a few lines of Matlab code to a) find the angle deficiency of G at p_d, b) use the angle bisector method to find z_lead and p_lead, c) find the correct controller gain K to use.

7. A unity gain feedback control system has a forward transfer function whose Bode plot is given below. 
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a. Estimate the percentage overshoot, peak time, rise time, settling time, and (ringing) oscillation frequency in the closed-loop unit step response.

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

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

8. A negative unity feedback control system has open loop transfer function given by G(s) = (8s^2+Ks^2+16s+8Ks+40+15K)/{s(s^2+2s+5)}. 

a. Find the closed-loop characteristic polynomial.

b. Rearrange it into the standard root locus equation.
c. Find the pole/zero map for the RL equation.

9. For the system in the previous system, 
d. Sketch the root locus as K varies from 0 to +inf.
e. Compute the break-in point and the K at that point

f. Estimate the departure angles.

10. For the system in the previous problem, what is the smallest overshoot that can be achieved as K is varied? With this K, what is the ess to ramp? What is the settling time with +-2% tolerance?

11. For the system in the previous problem, what is the smallest settling time ts that can be achieved by varying? With this controller what is the Mp? What is ess to ramp?

12. The closed-loop bode plot of a negative unity feedback control system is given below. 
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a) Estimate the closed-loop bandwidth, resonance frequency, and resonance peak.

b) Estimate the closed-loop dominant pole pair.

c) Estimate closed-loop step response overshoot Mp and rise time tr.
13. The closed-loop step response of a negative unity feedback control system is given below. 
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a) Estimate the rise time, settling time, and overshoot.

b) Estimate the dominant pole pair.

c) Estimate the closed-loop frequency response’s bandwidth and resonance peak if there is.
d) Estimate the open-loop frequency response’s gain cross over frequency and phase margin.
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