CONTROL SYSTEMS - 22/7/2022

[time 2 hours and 30 minutes; no textbooks; no programmable calculators]
Ex. # l) Consider the feedback system |

-

with P(s) = &5, Design controllers G1(s) and Gz(s) such that

(i) G1(s) has minimal dimension and |Gz (jw)|4p < 36dB for all w > 0,

(ii) the closed-loop system is asymptotically stable (check with Nyquist crite-
rion) with steady-state error response egs(t) = 0 to ramp inputs v(t) = t and
steady-state output response y,s(t) = 0 to constant disturbances d(t),

(ii) the open loop system PG Gg(s) has crossover frequency wf > 5 rad/sec
and phase margin m} > 30°

Ex. # 2) Given the plant P(s) = (—52%:

(i) draw the root locus using the Routh criterion to determine the exact picture
on the imaginary axis

(ii) determine a controller G(s) with dimension 2 such that the feedback sys-

tem W(s) = Jf—((;)s) has zero steady state error to constant inputs and it is
asymptotically stable with poles having negative real part < —3.

Ex. # 3) Given the system = = Az + Bu, y = Cz, where

A:(g 1),3:(}),0:(1 1), (1)

and z(t,zo,u) the state solution with input u and initial condition zy and
y(t, 2o, u) the corresponding output, determine

(i) if there exists t; > 0 and zo € R? such that z(t;, xo) =29

(ii) the set X of initial states 2o € R? such that there exists a control input u
which steers z into the final state zy = (22)7, i.e. z(tf,20,u) = 5 for some
ty > 0. If X is non empty, pick any such zg € X and determine a control v and
ty > 0 for which z(ts, zo,u) = zy.

(iii) the set of initial states 29 € R? such that y(t,z,u) = 0 for all ¢t > 0 and
any control u.



