ENGR 105: Feedback Control Design
Final Exam
Winter Quarter 2011

Problem 1 (20 points)

(s —10)
(s 4+ 10)(s2 — 2s + 26)

G(s) =

Assume that we are closing a feedback loop around this system in our usual unity-feedback

form with a positive gain K (the usual 180° root locus conditions):

_|_

K 6 =

We want to find the root locus for this system.

(a) Find the locations of the poles and zeros. Plot this on these on the axes on the next page.

(b) Sketch the portion of the real axis that belongs on the root locus. Calculate the center of

asymptotes and estimate the angle of departure for the complex poles.

(¢) You should be able to come up with two plausible versions of the root locus depending
upon which of the poles go to the asymptotes. Sketch both possibilities. The number of
poles that cross the real axis may be a bit unclear at this point, so we will take a different

look at the system.
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(d) Here is the Bode plot of the system. Sketch the Nyquist plot, using the Bode plot to label
all important points quantitatively. (The magnitude plot continues at the same slope for
the last decade of frequency — the axes are chosen to make the behavior at lower frequencies

clear)

Bode Diagram

10~1

—_
o
|

N

Magnitude (abs)
—
T

Phase (deg)

i i

1071 100 10t 10?
Frequency (rad/sec)

(e) Describe the location of the closed-loop poles as the gain varies from 0 to infinity. Since

the you have the Bode plot, give values of the gain at which any transition in stability

takes place.
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Problem 2

(25 points)

The following plots show open-loop unit step responses and a Nyquist plot for each of four

second-order systems. Match the step response with the Nyquist and explain the features

of the system that allows you to identify one with the other. (If you get stuck, remember the

relationship between the Nyquist and the Bode plot — none of these plots have loops at infinity

to make your life difficult)
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Amplitude

Amplitude

Step Response
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Problem 3

(30 points)

Consider a system comprised of a lead compensator and gain applied to a plant with n poles

at the origin as shown in the figure below:
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The Bode plot of the open-loop system is given in the figure below:

(a) From the Bode plot, what is the value of n for this plant?
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Explain how you know this.
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(b) If you know that this plot corresponds to a gain value K = 1 and a zero location of
s = —1, where is the pole located? What are the values of o and T used to generate the

lead compensator?

(¢c) What is the phase margin with the current gain of 17 Show on the plot how you find the

phase margin.

(d) What is the maximum phase margin you could achieve by changing the gain? Approxi-
mately what value of gain would you need? Explain. What would be the best damping

ratio you could achieve this way?

(e) What is the maximum phase margin you could achieve by changing 77 Approximately

what value would you need to achieve it? Explain.
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(f) What system type is the closed-loop system? For which inputs will there be zero steady-

state error?

(g) Suppose you choose the gain K from part (d) to close the feedback loop but you are
concerned about delay in the system. On the Bode plot below, draw your open-loop
system with the gain K from part (d) and the effects of two different delay times — one

for which the system is stable and one for which it goes unstable. Explain your reasoning.

Bode Diagram
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(h) Suppose you had derivative feedback available and decided to replace the lead compensator
with a PD controller. What values of proportional and derivative gain would you need
so that the closed-loop poles had the damping ration calculated in part (d) and a natural

frequency of 4 rad/s?
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Problem 4 (10 points)
Solve for the step response of the system described by the Bode plot below to a step input,

assuming zero initial conditions. The system is described by nice, round numbers.

Bode Diagram
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Problem 5 (15 points)

(a) Suppose we want to stabilize the system below by using gain Kj. Draw a root locus for

this system.

v

4—‘_’@—’ (ssjll)2

(b) For what range of K7 is the system stable?

(¢) What gain K; is necessary so that the poles of the system have a natural frequency of 3
rad/s? What is the corresponding damping ratio? (If you get a number that isn’t nice

looking for the damping ratio, go back and check things...)
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(d) Suppose we now close a feedback system around this entire system with some additional
actuator dynamics. Draw a root locus for the combined system when K is set as you

calculated it. Determine the range of gain Ko for which the combined system is stable.

+ = Ko + s+1 R
C) s+ 10 C) (s —1)2 ]
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