ECE-382: Midterm #2
March 29, 2006
7:00PM—8:00PM

Do not write your answers at the back of any page. Answers written at the
back of page will NOT be graded.

This is a closed book exam. You are only allowed to bring a pen (or pencil), a one-sided
crib sheet, and an eraser to the exam. No calculator is allowed.

Some common sin/cos/tan function values and common square root values are provided
at the end of the exam booklet.

Write your name and PUID at the space provided below.

There are four problems in the exam. The total points are 150. You have one hour to
complete the exam.

Show all intermediate steps to get full credits.

SolwﬁM,

Your Name

10-digit PUID



Problem 1 (50 points)

U —=(x) k | 6s) Y(s)

Consider the unit negative feedback system shown above with

s+ 2

Gl = sz

Answer the following questions (use the blank figure on the next page for marking your
answers on the complex plane).

(a) (5 points) Find the open-loop zeros and poles and plot them on the complex plane.

(b) (5 points) Find the segment (or segments) of the real axis that belong to the root locus
of G(s). Mark them on the complex plane.

(c) (5 points) For the root locus, find the asymptotes (if any) and the point (if any) that
the asymptotes intersect the real axis. Mark them on the complex plane.

You are given the following information: the root locus DOES NOT cross the imaginary
axis.

(d) (10 points) Find the break-in/break-away points (if any) of the root locus, and the
corresponding value of K. Mark these points on the complex plane.

(e) (10 points) For the root locus, find the angle of departure from the open loop poles,
and the angle of arrival at the open loop zeros.

(f) (10 points) Sketch the complete root-locus on the complex plane.

(2) (5 points) Is it possible to choose K > 0 such that the closed-loop system has dominant
poles with damping ratio ¢ = v/3/2. Justify your answer. If the answer is yes, mark
the corresponding location for the closed-loop poles on the complex plane, and write
down the approximate values of the closed-loop poles.
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Problem 2 (50 points)

UGs) —(x) G (s)— G(s) Y(s)

Consider the system shown above with

s+ 2

Answer the following questions (use the blank figure on the next page for marking your
answers on the complex plane).

(a) (10 points) Suppose G.(s) = K with K > 0. Determine whether or not it is possible
to choose a proper K such that the dominant poles of the closed-loop transfer function
Y (s)/U(s) are pg = —1 4 +/35. Justify your answer.

(b) (5 points) Find the angle of deficiency so that the dominant poles of the closed-loop
transfer function Y (s)/U(s) are py = —1 4 v/37.

(¢) (15 points) Design a lead compensator of the form

1
Gc(s):ijr—a,

for some constant « so that the closed-loop transfer function of the compensated system
can have dominant poles at py = —1 & /37.

(d) (5 points) Using the lead compensator obtained above, what is the steady-state velocity
error constant K, of the closed-loop system when tracking a unit ramp input?

(e) (10 points) Design a lag-lead compensator G.(s) so that the closed-loop system has
dominant poles at approximately p; = —1 4 /37, and that the steady-state velocity
error constant of the closed-loop system when tracking a unit ramp input is 30.

(f) (5 points) Write down the overall open-loop transfer function G.(s)G(s) of the com-
pensated system using the lag-lead compensator in part (e).
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Problem 3 (40 points)

8
00— —[sok}—] g | T

Consider the feedback control system shown above, where K > 0 is a parameter that one
can adjust freely. Answer the following questions (use the blank figure on the next page for
marking your answers on the complex plane).

(a) (10 points) Write down the equation for determining the closed-loop poles of the sys-
tem. In order to carry out root-locus analysis, rearrange the equation such that it is
in the standard form

1+ KG(s) = 0.

Find G(s).

(b) (10 points) For the root-locus, find the asymptotes (if any) and the points (if any)
where the asymptotes intersect the real axis. Mark the asymptotes on the complex
plane.

(c) (10 points) Find the points (if any) where the root locus cross the imaginary axis, and
the corresponding value of K.

(d) (10 points) Determine the values of K such that the closed-loop system is stable.

10



So '/V\/“iﬁ\a’“ :

&) The Cém«aﬂ—/ruf /[)o[,u ot o lndona ef*"r"f[\k

(s+£)

33(57‘5) *

3
St65tSS

It

l+ K

11

SG+6)

S (5% $o

$(s+K) = o

t &K =0

=0
&

G"(S) T 3465 8o



,9> TLL 6))%-—[0’077 /{}OLQA 'o]L CT/S) o e
here e, —2. -4
T ,‘J‘ nD OTM\-flnr}) m
# °]L M)‘“"t}“ﬁ?m is 3
7 as p v ten
/L,L aﬁ\éxﬁs ef' ha )w\j ore_
___1_§’\>_0_ -+ l"i[‘gb = §o+ (- ]e0?®

3 3
= ()/00, 19,00/’500
TZ\L &l,ym/b%'@"?u J\A‘H@rj&d w‘;\‘rl\T—Z\k M‘W&
ot~

o%(~a)+(~¢):
3

-2

See jﬂ\g‘f"‘%«
C) To f/—,,\JL Mﬂw\vah FRINT S ‘f"!\k oo+ («0%
CAv3IS +Ha fw»ﬂén‘n% OXVS | CodTred +hal

Rovarh Aoy e
S3+ €5 554 5k=0d
3 | -
ST 6 sk
s! 436’&t & when k=€, +2~4‘5m\3 sl



d) In ov\o&/r = emswre. S%QJL‘B/} |
Ha Rowrh WCH shod A howe 7013—5’)"#&
Q/@,U/wu\)h 'n *rl\,L f\/’ﬁ\m‘i" C«OZM/WW\) b

455K
6
ek >0

> O = K< £

o< kb

13



Problem 4 (10 points)

Given the following equation
S —s+1=0,

use the Routh criteria to find the number of roots with positive real parts, negative real
parts, and zero real parts (i.e., purely imaginary roots), respectively. Summarize your final
answers in the spaces below. (Note: You are required to provide the details of the

Routh array to get full credits!.)
2

(a) Number of roots with positive real parts:

(b) Number of roots with negative real parts: !
O

(¢) Number of roots with zero real parts:
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