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Exercise 1

Consider the following nonlinear dynamical system
X ==X ++/X%,
X, = —XZ + X, X

2
X, ==X +U
Yy=4%;

1.1 Find the values of the state and output equilibria corresponding to u(t) = u = 1.

1.2 Compute the linearized system around the equilibrium point found in the previous step. Is this system stable, unstable
or asymptotically stable?



Exercise 2
Consider the following control system

i)_tTi» R(s) |—»| G(s) st Ym
100

(1+s)(1+0.1s)
Compute the transfer function R(s) of a regulator in such a way that:

o |e,| = 0 fory°(t) = sca(t) and d(t) = 0;
e adisturbance d(t) = D sin(0.1t), where D is an arbitrary constant, is attenuated on the output y 10 times;

where G(s) =

the phase margin on is greater or equal to 50°;
the crossover frequency c is greater or equal to 0.3 rad/s.



Exercise 3
Consider the following control system

1
s?-1

where G(s)=

3.1 Using the root locus, find the transfer function R(S) of the regulator in such a way that the closed-loop system has

two complex poles with damping ¢ :1/\/5 and natural frequency o, = 52

3.2 Can the regulator R(S) be designed using the Bode criterion?



Exercise 4
Consider the following discrete time system

z-1
G(z)= =——
(2) 9z2 -1

4.1 Compute the initial value and, if possible, the final value of the unit step response.

4.2 Compute the analytic expression of the unit step response of the system, verifying the results of the previous step.

4.3 Write the difference equation, in the time domain, that represents the input-output relation given by G(Z).



Exercise 5
Consider a servomechanism with rigid transmission characterized by the following parameters:

e motor moment of inertia /,, = 1.5 - 10~* Kg m?
e motor viscous friction D,,, = 0.0034 Kg m?/s

5.1 Compute the parameters of a torque disturbance observer, justifying the selection of T, and show the block diagram
of the system including the disturbance observer.

5.2 Explain, analyzing the transfer functions of the system including the torque disturbance observer, what happens
when the servomechanism has a flexible transmission.



Exercise 6
6.1 Listand describe the main steps executed by a PLC at every cycle.
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6.2 Write the code implemented by the following ladder diagram. | ¢ | |
=1 =+ |

| x y |

(p ()l

| endif |

i (JMP)-—|

| then |

[-—-|LBL| i

| b x

e ()

| a y |

et ()l

| endif |

[--|LBL] :

6.3 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 behavior on
aPLC.



