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Exercise 1

Consider the following continuous time, linear and time-invariant dynamical system with input u(¢) and
output y(t)

:i‘l(t) = —23;‘1(t) + 31‘2(t)
i‘g (t) = —201)2 (t) + u(t)
i3(t) = 3w3(1)

]

1. Does the state zero-input response of the system asymptotically tend to zero for any initial state?

2. Is the system completely controllable and completely observable?
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Exercise 2
Consider the following control system
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where G(s) =

1. Design a PI controller in such a way that the crossover frequency is approximately 0.1 rad/s.

2. Write the relation required to design a disturbance compensator Cy(s), so that the effect of a disturbance
d(t) = 5sin(t) on the output y asymptotically tends to zero.
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Exercise 3
Consider the following closed-loop system

Y

L(s)

s

Y

where L(s) = R(s)G(s) and R(s) = p, G(s) =

s—3

1. Sketch the direct and inverse root loci.

(s2+11s+30)(s — 1)
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2. Using the previous root loci, find the values of p > 0 for which the closed-loop system is asymptotically
stable.

3. Using the previous root loci, find the value of p for which the closed-loop system has one real pole in —1
and one in —9. For this value of p, is the closed-loop system asymptotically stable?
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Exercise 4
Consider the following system

* *

o T H) Pl zon >

Y

where H(z) = 1.

1. Compute the sampling time in such a way that a signal u(¢) = 5sin(¢) 4+ 2sin(10¢) is converted without
generating aliasing.

2. Compute the phase shift caused by the sample and hold system to each harmonic of the input signal u(?).

3. Consider now a different input signal u(t) = sin(50¢). Is the previous sampling time suitable even for this
new input? If not, which is the frequency of the first aliasing harmonic? How can we design a filter in
order to avoid the aliasing effect?
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Exercise 5
Consider the following system

Y
\
Y

LR Ro(s) so—>| Ry (s)

G1(s) >0

Ga(s)

10e~*
(1+ 10s)(1 + 0.01s)’

where G(s) =

1. Explain how the system transfer function can be separated in two subsystems, G1(s) and Gz(s), in order
to set up a cascaded control architecture.

2. Design the two regulators, R;(s) and Ra(s), satisfying the following requirements:

e R;(s)is a PI controller, and Ry(s) a P controller;

e for the inner loop the crossover frequency, w,, , satisfies the constraint 0.1 rad/s < w., < 1 rad/s, the
phase margin ¢,,, is greater or equal to 70 deg;

o for the outer loop the phase margin ¢,, is greater or equal to 55 deg.
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Exercise 6

1. List and describe the main steps executed by a PLC at every cycle.

2. Write the code implemented by the following ladder diagram

a then
e e (JMP )|
I d | I
=1 =+ |
| d X |
e (-l
| e | |
= =+ |
(I y oo
[ ff e (=
| endif |
| (JMP}-—|
| then |
|—-ILBL| |
I b x|
[ (=
| a y oo
e s (-
| endif |

[—ILEL| I
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3. Assume that a motor is started by an operator pushing a “start” button, and the motor moves until the
operator pushes the “stop” button or a failure signal is received. Write the ladder diagram that allows to
implement this behaviour on a PLC.



