ENGR 105: Feedback Control Design
Midterm Exam, Winter Quarter 2013
Friday, Feb. 15, 2013, 9:00-9:50 am, Room 420-40
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Problem Mean / Std. Dev.
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Problem 1. (5 pts.)

Mark the following True (T) or False (F):
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T~ a. (1 pt.) The definition of peak overshoot, M, = e\p-{z, applies only to the step response of
second order systems.

T b (1 pt.) Simulink allows you to simulate the behavior of nonlinear systems.
See e/xam/a/e 17 Jecture /Y
butr T okay !
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c. (1 pt.) Consider a transfer function R = H(s). The impulse response of that transfer

function is equal to Y (5)1(s).
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Circle the correct answer for the following questions:

d. (1 pt.) Consider the block diagram below. Which of the following statements is #o/ true?

E(s) U(s)
—> D(s) —>

@ u(t)=d()e(t),fort>0

@) u(t) = d(t) * e(t), where * represents the convolution for t > 0

(i) u(t) = fom d(t — De(r)dr
K,,'Mff—g of mhigration conbasedd SR /9-6?7‘1"— I J“’\'é P
circled ¢) ¢ (iri), 4hat was okay. Limifs Aepend cv:;;'da&:aﬁ,;
e. (1 pt.) Consider a system for which the characteristic equation is written as a(s) + Kb(s) = 0. Which
of the following equations alore will allow you to test whether a point lies on the root locus?
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a(s)) = 180" + 360°n (where n is an integer)
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(i) a(s) = b(s)



Problem 2. (15 pts.)

Consider the following block diagram of a feedback system.

(08)

o ——
R Y(s)
s o0 e T

a. (3 pts.) Assume that D(s) = 1. Find the transfer function T(s) from R(S) to Y (s). Simplify your

answet.
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Answer: T(s) = s*+/7s -3
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b. (3 pts.) Is the system stable with this D(s)? Give the basis for your answer.
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. 1 . .
c. (3 pts) Now consider D(s) = —, where nis an integer greater than or equal to zero. For what

value(s) of 1 is this system stable?
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(3 pts.) For the /fowest value of n you give for part b, determine the system type (with respect to
reference input) as defined in class.

Noke. : IF Hn got port G
Answer: The system is Type L . WYG ,  Suk Arol  ports
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e. (3 pts.) Let k be the number of the system type (e.g., 0, 1 or 2) that you found in part d. What is the
value of the steady-state error for a reference input of ;% to this system?
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Problem 3. (15 pts.)

Below are shown plots of four pole-zero constellations in the s-plane (3, ii, and iii) and four time
responses to step inputs to a plant with these poles and zeros (a, b, and c). The poles are shown as X
and the zeros as O. Match them up and give brief reasons (required) for your choices in each case.

(a) (b) (c)
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Problem 4. (15 pts.)

A simple mechanical system is shown below. The parameters are k (spring constant), b (damping
constant), and M (mass).

k

m > f

b

A step of 2 Newtons is applied as f = 2 1(t). The resulting step response is sketched below with the
final value, overshoot, and rise ime as shown.
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What are the values of k, b, and m? Show all your work.
Answers:
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