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Question 1

a) For the given system, calculate the closed-foop poles required for the system response to have
an overshoot of 16.32% and a settling time of 4 seconds.

[10]
Y(s) (s +15)
U(s)  s(s+3)(s+12)
b) Design the feedback gains to give the required response.
[7]
¢) Explain what is meant by the following terms for LTI systems.
i) Controllability
ii)  Observability
[8]
Question 2
a) Determine if the following system is:
i) Stable
if) Controllable
(5]
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b) For the same system (a), design the controller k = R~1BT P for which the cost function
] = fom (x7Qx + uT Ru) dt is minimized, subject to ¥ = Ax + Bu
[10]
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¢) List one advantage and one disadvantage of using an optimization method instead of the pole
placement approach to design the full state feedback controller u = —Kx
[5]
Question 3
a) Discuss four differences between linear and non-linear systems.
(8]




b) Use Lyapunov’s indirect method to determine the stability of the following system, for the

equilibrium point x = 0.

%y = — 2%y — 4%y (xF 4+ x3)

X, = 3%, + x5 (%% + x3)

c)
i) Determine all the equilibrium points for the following system
x = ax —x3
ii) For what value of ‘@’ is the origin locally asymptotically stable?
Question 4

a) For T'=0.2s and K = 10, determine if the system on Figure 1 is stable,
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Figure 1

b) For the system on figure 2, for T=1s, find the steady state error for a step input.
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APPENDIX

z-Transforms
x(t) X(s) X()
u(?), unit step 1/s z i 1
t 1/ G 1_} 7
o 1 z
s+ a z— e
1 = ™ 1 (1- E—"T)z
s(s + a) ~ Dz~ )
. o z sin{wT)
sin{wf) ER 2 — 2z cos(wT) + 1
§ z(z — cos(wT))
cos{wt) £+ ot 2 — 2z cos(@T) + 1
ot w (2™ sin(wT))
¢ sinwr) s+af +a =227 cos(wT) + i
- s+a 2 — z¢77 cos(wT)
e cos(ul) (s+af +o 22— 22 cos(el) + e

Final Value Theorem for discrete signals:

R(z)

e(c0) =lim1—z7"
z—1

1+G(2)




