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ECE-320 Linear Control Systems
Winter 2014, Exam 1

No calculators or computers allowed, you may leave your answers as fractions.

All problems are worth 3 points unless noted otherwise.

Total /100



Problems 1-3 refer to the unit step response of a system, shown below
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1) Estimate the steady state error

2) Estimate the percent overshoot YA ¢
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3) Estimate the static gain



4) Estimate the steady state error for the ramp response of the system shown below:

Ramp Response
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5) Estimate the steady state error for the ramp response of the system shown below:

Displacement

Ramp Response

-
r/
35— — — — 0 AU SO SN RO 7.{,: i
. i i ‘l
-
3 - S P _,‘L, o _
z/( j
'f
*
25— — i— R R wr’»--— NS ORI SUNS T
’,/’ |
I"
2 — — — T :;,‘L e T e
e §
e
15— — "“*-‘A;T ******** — =
1+~ - - —_ £— — e e e
"’J
,l, i | | | !
, ‘ i |
| I A R ad —_— — N — e ]
05 ‘ 3 | 1 | = Input
el Output
0 s P B B £ B 4 r £
0 0.5 1 1.5 2 2.5 3 3.5 4

Time (sec)




6) (10 points) For this problem assume the following unity feedback system

+

G(5) > G (5)

. 2
with Gp (S) = m and Gc (S) = 2(.5‘ + 1)

a) Determine the position error constant X,
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b) Estimate the steady state error for a unit step using the position error constant. ¢

DT,
¢) Determine the velocity error constant K
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d) Estimate the steady state error for a unit ramp using the velocity error constant.
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7) (10 points) For this problem assume the following unity feedback system

+

G.(s) > G(s) >

with G, (s) = 3 and G (s) = 2(S:-1)
(s+2)(s+4) s

a) Determine the position error constant X, / /(/; = SO J

AT

b) Estimate the steady state error for a unit step using the position error constant. lff—: el

¢) Determine the velocity error constant K K/ - D \

d) Estimate the steady state error for a unit ramp using the velocity error constant.




Problems 8-10 refer to the following root locus plot (from sisotool)

Raot Locus Editer for Open Loop 1{OL1)
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8) Is it possible for -1.5 to be a closed loop pole for this system ? @r No)

9) When the gain is approximately 2.3 the closed loop poles are as shown in the figure. If we want the system to

be stable what conditions do we need to place on the gain k?
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10) Is this a type one system? (Yes @




Problems 11 -13 refer to the following root locus plot (from sisotool)

Root Locus Editor for Open Loop 1{0L1}
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11) When k£ =14.1 the poles are as they are shown in the figure. Estimate the closed loop poles.
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12) Estimate the settling time as the gain & — oo (you can leave your answer as a fraction)
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13) Is this a type one system? (Yes @




14) (6 points) For the following two PID controllers, determine k , k,, an#cLchM
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15) (10 points) For this problem assume the closed loop system below and assume G, (s) =

G(5) > G (5)

For the following problem you should sketch the root locus to answer the following questions. (You will not be
graded on your root locus sketches, just your answers.)

a) Assuming a proportional controller G,(s) =k,, what is the settling time as &,
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b) Assuming a proportional + derivative controller G.(s) = k(s + z) , what is the value of z so that the settling
time 7, =—;— as k>
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¢) Assuming an I controller G, (s) =—, can the system become unstable for any value of £?
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16) (12 points) Consider the following simple feedback control block diagram. The plant isG,,(s) = ——3——5
s+

R(s)—> G (s)

A 4

Gy(s) > Ys)

a) What is the bandwidth (in rad/sec) of the plant alone (assuming there is no feedback)
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b) Assuming a proportional controller, G,(s) =k, , determine the closed loop transfer function, G, (s)

¢) Assuming a proportional controller, G,(s) =k, , determine the value of &, so the bandwidth of the closed loop
system is 27 rad/sec.
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d) Assuming the proportional controller from problem c, determine the settling time and the steady state error for
a unit step.



17) Assuming we are allowed to place our poles only in the (dark) shaded areas, which of the following two
shaded regions will in general result in a small settling time for our system?
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a) The region in the top ﬁéTfre b) the region in the bottom figure
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18) One of the shaded regions below shows the possible pole locations for a percent overshoot less than 10%, and
the other shows the possible pole locations for a percent overshoot less than 20%. Which of the two graphs shows
the possible pole locations for a percent overshoot less than 20%?
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a) the region in the top ﬁgure\\b) the region in the bottom figure
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Name Mailbox

19) (7 points) Determine both the impulse response and the unit step response of a system with transfer

function
4 2.
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20) (6 points) Determine both the impulse response and the unit step response of a system with transfer
function

s
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H(s)=

a) H) = o _ 4 B 2= —l

4 V* &t (@M) - 4 {%{»«g%;ﬁa | = A

13



