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QUESTÃO #1:

a) G(s) =
s2 + 11s + 10

(s2 + 2s + 2)(s + 1)
=

s2 + 11s + 10
s3 + 3s2 + 4s + 2
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b) Y (s) =
s + 10

s(s2 + 2s + 2)
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[(s + 1)2 + 12]
←→ 1

2
.2e−t sin (t)u(t) = e−t sin (t)u(t)

5.
2

s[(s + 1)2 + 12]
←→ 5[1− e−t(cos (t) + sin (t))]u(t)

Então: y(t) = [5− 5e−t cos (t)− 4e−t sin (t)]u(t)
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Y (s) =
[

1 11 10
]
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Y (s) =
[

s2 + 11s + 10 11s2 + 39s + 28 10s2 + 28s + 18
]
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s3 + 3s2 + 4s + 2

= 0 → y(t) = 0

Se x(0) =




1
0
0


, então:

Y (s) =
[

s2 + 11s + 10 11s2 + 39s + 28 10s2 + 28s + 18
]
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 .

1
s3 + 3s2 + 4s + 2

=
s + 10

s2 + 2s + 2

y(t) = [5e−t cos (t) + 5e−t sin (t) + 4e−t sin (t)− 4e−t cos (t)]u(t) = [e−t cos (t) + 9e−t sin (t)]u(t)

d) Desprezando o efeito do zero em s = −10, temos: σ = 1 seg−1, ωd = 1 rad/seg, ωn =
√

2 rad/seg e ξ = 0.7 −→
ts = 4.6 seg, tp = π seg, tr = 1.27 seg e Mp = 5%.

QUESTÃO #2:

a)
ẋ =

[ −2 −1
−2 −2

]
x +

[
1
1

]
r

y =
[

1 1
]
x

Y (s)
R(s)

=
[

1 1
] [

s + 2 1
2 s + 2

]−1 [
1
1

]
=

[
1 1

]
24 s + 2 −1

−2 s + 2

35
s2 + 4s + 2

[
1
1

]
=

2s + 1
s2 + 4s + 2

b) lim
s→0

Y (s)
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= 1/2 −→ N̄ = 2:
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c) P =
[
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Fz = T−1FT =
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Fbb − LFab = −L −→ s + L = s + 20 −→ L = 20

d) Y (s) =
2s + 1

s2 + 4s + 2
+ 1 =

s2 + 6s + 3
s2 + 4s + 2



QUESTÃO #3:

a) K =
[

4 8
]

b) L =
[
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20

]

c)
ẋ = Fx−GKx̂ (pois N̄ = 0)

˙̂x = Fx̂−GKx̂ + LHx− LHx̂− Lr (pois M = −L)
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Fc =




0 0 −4 −8
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0 20 1 −20
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d) Hc (sI− Fc)
−1 Gc =

560s + 800
s4 + 24s3 + 188s2 + 560s + 800

Obs.:
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 =

100(4s + 88)− 20(−8s + 400)
αc(s)αe(s)

Obs.: como alternativa ao método acima, pode-se obter γ(s) através da relação γ(s) =
∣∣∣∣

sI− F L
−K 0
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Por causa do zero em s = −10/7 = −1.43, o tempo de subida será menor do que 0.64 seg (que seria obtido
com ωn = 2

√
2) e o overshoot será maior do que 5% (que seria obtido com ωd = σ). Uma simulação indicaria

tr em torno de 0.31 seg e overshoot em torno de 36%.

QUESTÃO #4:

a) x3
10 = 0 → x10 = 0 ln x20 = 2 → x20 = e2 ex30 = 2 → x30 = ln 2

b) F =
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0 0 ex30


 =




0 0 0
0 e−2 0
0 0 2


 G =




1
1
1




c) x10 − 1 = −1 → x10 = 0 x20 − 1 = e → x20 = e + 1 x30 − 1 = 0 → x30 = 1

d) F =
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0 1/(x20 + u0) 0
0 0 e(x30+u0)


 =




3 0 0
0 e−1 0
0 0 1


 G =




3(x10 + u0)2

1/(x20 + u0)
e(x30+u0)


 =




3
e−1

1






QUESTÃO #5:

a) Diagrama de blocos de controle integral:
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Y (s) =
2

s(s2 + 2s + 2)
−→ y(t) = [1− e−t(cos (t) + sin (t))]u(t)
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Y (s) =
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−→ y(t) = e−t sin (t)u(t)
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 = 0 −→ y(t) = 0


