MAE 143B

LINEAR CONTROL Prof. M. Krstic

MIDTERM August 21, 2006

NAME: gDWﬁO NS

e Open books and notes.

e Present your reasoning and calculations clearly. Random or inconsistent etchings will not
be graded.

e Write only on the paper provided. If you run out of space for a given problem, continue on
the pages at the end of the set and indicate “Continued on page X.”

e The problems are not ordered by difficulty.
e Total points: 25.

e Time: 1 hour.



Problem 1. (5 points)

A ship steering system is represented in the following block diagram.
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In the diagram, Y (s) is the ship’s course and R(s) is the desired course (reference). Find
the transfer function Y (s)/R(s).




[NESTN] () ‘lr\> J{‘r-‘( H—k

¥
<

L

.,.3\\ \r— 5 2
K 7 A4 Gl H(’T
L———\‘ u% l

| AR
\(/ _ KG;G‘ZC)S —~4

’Q \4 *'C\H"\,'¥ H?(ﬂ(.” G%*”l (»;C;» + ;'((,kl C\.‘. ()?




Problem 2. (5 points)

The following feedback system is used to control the speed of an aircraft.

Controller Aircraft dynamics
R(s)+ Y(s)
i 1 6(s+5) >
- s+a s (s+2) Speed

Find the sensitivity of the closed-loop transfer function T(s) to a small change in the pa-
rameter a.
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Problem 3. (5 points)

An automatic system for controlling the concentration of a certain chemical product is shown
in the figure.

Pump Chemical Plant
R(s)+ . N 3 Y(s)
- K 5(5%2)

a) (3 points) Determine K so that overshoot is 10%.
(b) (2 points) What are the settling time and the peak time for K determined in (a)?
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Problem 4. (5 points)

The plant in the figure is unstable and needs feedback to be stabilized.

Plant dynamics

R(s)+
QQ s+10 Y(s)
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v

Controller

K

Determine the range of possible gains K for stable operation.

SO
T= (5- DN _ JH O
A > (_3"2)(‘43)24 kK (S+14)

SRIGNE N
S8yt +@+VQS —Sotlnk

Rocdly  Giledon

(\)1; [ A S—i—k
SZ .02 lok.—So
% - %4 8K-lok ¢80

. 3
5 ke ~So

99y | A
N M&—g‘;ﬁ——\w = Y llese =5 2k<Go >k LS

SY. Jk=Ss o =D K>S -5 LfG(S ;,f)
/

9




Problem 5. (5 points)

Are the following polynomials stable? If not, how many eigenvalues in the right-half plane
do they have?

(a) (1 point)

pi(s) = &° +2s* + 25— 1

(b) (2 points)
pa(s) = s +25° + 35 + 25+ 3

(c) (2 points)
ps(s) = s* + 45 + 35> + 25+ 1
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