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Problem 1. l [10 points]
Sketch the Bode plot of the following transfer function:

2

G(s) = 77995 740

Label the z- and y-axis of both the magnitude and phase plots carefully.
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Problem 2. : [10 points]
Suppose the system H(s) =

S + 551 is driven by the input signal z(t) = cos(5t) + 10sin(10t + 7/3).
What will be the output signal y(¢) at steady state?
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Problem 3. N [5 + 5 = 10 points]
1. What is the natural frequency and damping ratio of G (s) = _s_—t:?.O_?
' duenes piig T 2524+ 65+20
2. Let Gi(s) = and Ga(s) = S 19 ‘Determine the value of
' 2+2 F10 2 (s70.025 + 0.5)(s2 + 25+ 50)
k so that the steady state outputs of G (s) and Gs(s) in response to a unit step input are the
same? 3
4 = 37i62 =N
.'i /C\ (5) = 2-($+’LO) = (r:-: =10° :> WA= ﬁ—O ==t . Gnd
a &4+ 3S+10 .
Fen= 3 F= 2 = (4343
Thits } 2 §io

| \ . . 4 et step impet
. S+2c\c)na clecte ouc\‘pw\‘tg 6.‘(3) tn VEApOnSS |

s 1. C‘\'((ﬂ = -{-% ) |
]

A . (D, = =4

g’kéﬁd& gh;’c}'c ow’\’vw’“)‘ OdL C‘z($> L 1 C\L( o5 . B 5

Wwe wed e _‘\S. =S K;"L%,

\o 7




Problem 4. [10 pt]
A second order transfer function H(s) has the following transient response specifications: rise
time ¢, < 0.1 sec, peak overshoot M, < 0.16, and settling time t; < 0.511 sec. Sketch (accurately)

the region in the complex plane where the poles of H(s) may lie to meet these specifications.
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Problem 6. " ‘ 20 pt]
A proportional controller is to be

designed (for the feedback loop
shown in the figure ) to meet
the following transient performance R(sz ‘ E(
specifications: (i) rise time ¢, < 0.2 y
sec, (ii) settling time ¢; < 10 sec,
and (iil) peak overshoot M, < 0.1
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in response to a unit step command -1 |
in the reference r(t). The plant is
P(s) = ———.

(s) 2+ 25 +7

1. Determine the expressions for the damping ratio and natural frequency of the closed loop
transfer function from R(s) to Y (s) as a function of the proportional gain k.

2. Among the three parameters: rise time, settling time, and peak overshoot of the closed loop,
which can be changed by varying k7 '

3. Determine the minimum value of the proportional gain k, so that the closed loop rise time
specification is met.

" 4. For this value of k,, what are the values of the peak overshoot and the settling time of the
closed loop?
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Problem 7.

[10 points]
Consider the closed loop system shown in the

p HOENG) - 50 Y (s)
figure, where C(s) = s i 5 Plot the (i) real i C(s) s(s+10) -
axis part and (ii) the asymptotes of the
root locus of the closed loop with respect to
the parameter z. -1 |-
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Problem 8.

[10 points]

Consider the closed loop control system _ ¥ (s)
shown in the figure (similar to the cruise R(8) ~E(4) > 2 o\
Lo D Cls)—> >
control system in the mini project), where A s+
C(s) =1+ ks is a PI controller. Sketch the
root locus of the closed loop poles with respect 1] |
to the integral gain k;.
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