MAE 143B
LINEAR CONTROL Prof. M. Krstic

MIDTERM August 20, 2007

e Omne page (front and back) of your own handwritten notes.
e No graphing calculators.
¢ Present your reasoning and calculations clearly. Inconsistent etchings will not be graded.

e Write answers only in the blue book.

Total points: 35. Time: 1 hour 30 minutes.

Problem 1. (6 points)

For the system in the following block diagram, compute the following transfer functions:

(a) (3 points) T}(s) = EEE;
(b) (3 points) Ty(s) = :;Eg

To get full credit simplify the resulting fraction as much as possible.

H>(s)
R(s)*
O Ko Ko(s) G(s) -
Hi(s)
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Problem 2. (5 points)

The following feedback system is used to control the rotational speed of an orbiting satellite.

Satellite dynamics

R(s)+:‘-\ 5042) Y(s)
i o Speed

(s+1) (s+10)

Controller
1 .
s+a

Find the sensitivity of the closed-loop transfer function 7'(s) to a small change in the pa-
rameter a.

Problem 3. (6 points)

An automatic system for controlling the flow of a certain reactant is shown in the figure. By
mistake, an operator has connected the system in a “positive feedback” configuration (note
the two + signs at the summing junction).

Valve Chemical Reactor
R(s)* . Y(s)
K 2(s+1) >
+ (s+3) (5+2)

(a) (1 points) What is the range of K for which the system remains asymptotically stable?
(Note that both positive and negative values of K are acceptable.)

(b) (2 points) What range of values of K produces an underdamped, stable response?

(¢) (3 points) Determine the value of K that makes the overshoot exactly 15% and then
find the resulting rise and settling time.

Note: You can do part (c) independently from parts (a) and (b).




Problem 4. (6 points)

Consider the following plant with proportional feedback K.

Plant dynamics
-1 (s+5)(5+25-3)
Controller
‘_

K

(a) (3 points) What is the range of gains K for asymptotic stability?

(b) (3 points) Study how the number of unstable pole changes as K varies from —oo to
+00. Determine the critical values of K at which the number of unstable poles changes
and state the number of unstable poles between these critical values of K.

Problem 5. (6 points)

Are the following characteristic polynomials asymptotically stable? Explain why. Indicate
how many (if any) right-half plane eigenvalues the polynomials (b) and (c) have.

(a) (2 points)
pi(s)=50+5+38%+55" -4+ ° +5' +2° +5" + 25+ 1
(b) (2 points)
pa(s) = s+ 4s* +3s° + 287 +4s+ 11
(c) (2 points)

p3(s) = 2s* + 45> + 65> + 4s + 2




Problem 6. (6 points)

Find the transfer function of the following system, represented by its signal-flow graph.
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