MICHIGAN STATE UNIVERSITY
Department of Mechanical Engineering

ME451 Control Systems Fall 2008 C ol“}“/
Midterm Exam II =

Closed Book. One 8.5 x 11 page of handwritten note allowed.

Your Name: T {_\,

Student Number:
Please start with an easy question and try to answer all questions.

Problem: 1 2 3 Total
Max. Grade: 40 40 20 100
Grade:

1 Problem

Answer the following questions briefly.
a. (5 points) Write the definition of BIBO (Bounded-Input-Bounded-Output) stability.
b. (5 points) Write the definition of asymptotic stability.

c. (5 points) Consider a transfer function G(s). What is the condition for which G(s) is
stable?

d. (15 points) Determine if G(s) in the table is stable, marginally stable, or unstable.
G(s) stable/ marginally stable/ unstable

(s+1)
(s+1)(s+0.1)

s—1
s24+s+1

s—1
(s2+2)2

e. (10 points) What is root locus?
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2 Problem

For the depicted closed-loop system (¢ > 0, w, > 0) in Figure 1, answer the following
questions.

a. (5 points) Obtain the transfer function from U(s) to Y(s).
b. (5 points) Discuss the stability of the closed-loop system.
c. (5 points) Compute the DC gain of the obtained transfer function.

d. (5 points) Sketch roughly the step response of the closed-loop system, in the case of
0 < ¢ <1 (underdamped case).

e. Consider the error signal e(t) := u(t) — y(¢). Compute the steady state error for
i. (5 points) u(t) = us(t) (unit step input)
ii. (5 points) u(t) = tus(t) (unit ramp input)

f. (10 points) For the system with ¢ = %, and w, = 5 (rad/sec), obtain percent overshoot
and 5% settling time.

Uts) 2 Yis)

Figure 1: A closed-loop system.
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3 Problem

Consider the closed-loop system in Figure 2. The transfer function G(s) is given by

_ K(s+4)
O = GGy

a. (10 points) Using the Routh-Hurwitz criterion, determine the range of K for which the
closed-loop system is stable.

b. Consider the error signal e(t) = r(t) — y(t). Compute the steady state error for

i. (5 points) R(s) =1 (unit step input)
ii. (5 points) R(s) = % (unit ramp input)

Figure 2: A closed-loop system.



k(st%)

é(§+‘)(4*2)

@cs) s

Cﬁmamwcﬁ‘c @iaa‘ﬁe'n )
S(S1)CsH2y + K(SHU) = o

¢+ 37tk s + ¢k =0

Y ! ey

s* 1 3 Gk

g! 3";’*6\‘#"\ N iﬁ;‘ﬁvo =D )Qéb )
Sl > 4k>e D E>0 -

:> O<K46

b,
[j) ((PZ JQ\\M 070&) = so -
w0
€ = —
R

C?:) k, = K S'CT(S) = Qk_

<o

I g
Cse = =
5< k\/ >




