ECE 460 Final Exam Winter 2001-C

Name: [/

Honor Code: % g /

Instructions:

= Use the space on the accompanying pages to work the problems. Do not use a bluebook.
Attach additional worksheets if necessary.

= If you wish to have partial credit awarded for any of your incorrect answers you must write
clearly and legibly. Explain your work in words, if necessary.

= Read the instructions provided with each problem.
= Don’t Panic.

1. [15 points total] State Space Problem.
(a) [7] Determine the stability of the system given by
(1 3 2
X = X+ |u
2 4 3
y=[ 173} +5u

. . Y 1
(b) [4] Write the state space equivalent of the transfer function G(s) = % = 3 where
s) s

Y(s) represents the output and U(s) represents the input. Use the state vector x=/y].

(c) [4] Repeat (b) using the state vector x=/2y].
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2. [10 points] Systems Problem.

Write the transfer function Vo(s)/Vin(s) for the following problem.
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3. [25 points] Root Locus Problem.

Draw the root locus of the unity feedback system with

s-5
G(s) ="
) s*+55+10
@) [1] Location of pole(s) and zero(s) : 2 ot 5,  poleo ok -2 5 L ?4J
(i)  [1] The locus is on the axis between: (- 06,5 )
(i)  [2] The locus has asymptotes defined by :
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(iv)  [5] The jw-axis crossing(s) are at (give value(s) of K and s):
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(vi)  [5] The angle(s) of departure and/or arrival from all pole(s) and zero(s) are:

e
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ﬁaw 5 = 180 ° /05’{‘ a\ﬁf WWVQ)

(vii)  [6] Draw the locus as accurately as possible
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4. [25 points total] Controller Problem.

20
Given the unity feedback system G(s) = T

and 1.0 seconds settling time.

(s+2)(s+8)

(a) [2 points] Calculate the desired system poles if the system is to operate with 10% overshoot

(b) [10 points] Show that you cannot design a PD controller to make the system meet these

specifications.

(c) {10 points] Design a lead compensator that exploits pole-zero cangellation to meet the

specifications.

(d) [3 points] Comment on the validity of this second order approximation.
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5. [25 points total]
(a) [8] Find the values of K1 and K2 in the following that will yield 25% overshoot and a

settling time of 0.2 seconds.

(b) [3] Find the steady state error of your system due to a step input and draw the step response.

(c) [3] Find the steady state error of your system due to a ramp input and draw the ramp
response.

(d) [11] Design a controller that will reduce the steady state error due to a ramp input to zero,
without appreciably changing the transient response. Explain your reasoning.
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