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Exercise 1
Consider the following linear and time invariant dynamical system

#(t) = Az(t) + Bu(t)
y(t) = Cx(t) + Du(t)
where

c=[1 0o D=0

1. Compute the values of parameter « € R for which the system is asymptotically stable.

2. Compute the values of parameter o € R for which the transfer function has two time constants 7, = 1 s
and », = 2 s.

3. Compute the values of parameter o € R for which the system is completely controllable and completely
observable.
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Exercise 2
Consider the following control loop

y° + € u y

R(8) —=1 G(s) >

1 —
where G(s) = 732
(14 10s)
1. Compute the transfer function R(s) of a controller in such a way that:
® |exo| < 0.15 for y°(t) = 10scaf(t);
® ¢, > 65° and w, is approximately maximised.
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Exercise 3
Consider the following closed-loop system

i»‘_?—) L(s) Yo
p 1
where L(s) = R(s)G(s), R(s) = A+s) G(s) = 1+s)2

1. Sketch the direct and inverse root loci.

2. Using the previous root loci, find the values of p for which the closed-loop system is asymptotically stable.
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Exercise 4
Consider a digital control system, with transfer function R(z), represented by the difference equation (from
the input e*(k) to the output u*(k))

w*(k) = 0.5u" (k — 1) + 0.1e*(k — 1)

1. Compute the transfer function R(z) of the digital control system.

2. Verify that the transfer function R(z) can be obtained discretising, with the Tustin method, the following

continuous time control system
1-0.25s

Ro(s) = 0.2-—— =2
(5) 1+0.75s

and determine the corresponding sampling time.

3. Determine the analytical expression of u* (k) for e* (k) = 0.2%, k > 0.
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Exercise 5

1. Considering an elastic servomechanism, write the transfer function of a notch filter explaining the mea-
ning of each parameter, and draw the magnitude Bode diagram of this transfer function.

2. Show how (draw the block diagram) the notch filter can be used to increase the damping of the closed-
loop poles in a velocity control system, and explain how the notch filter parameters have to be selected.

3. Consider the following block diagram

.d .
%T—» RPI(S) e an(s) T va(S) fm

where G, ¢(s) is a notch filter, and say if the following sentences are true or false

\4

to tune the notch filter an accurate estimate of the motion control system natural frequency | true | false
is required

the zeros of the notch filter are selected to match the pair of complex poles of the closed-loop | true | false
system

the pair of low damping poles cancelled out by the notch filter appear as poles in the | true | false
disturbance-output transfer function

transforming G, s(s) into a digital filter does not cause any distortion in the frequency | true | false
response
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Exercise 6
Write the input-output relations describing the following circuits

n I Vout




