SOLUTION OF EXAM 01
Subject: CONTROL THEORY

Exercise 1 (5 marks):

a) (1.5 marks)
i. (0.5 marks) Consider the Polynomial:

A(s)=T)s’ +2T,8* +s+ kk = 4s® + 45" + s+ 0.5k,
ii. (0.5d) Routh Table

4 1
4 0.5k,
4 -2k,
4
0.5k,
We obtain 0 < &, <2
iii. (0.5 )

Because of stable closed loop system, there exists the Limitation
| . o kkG(s)
It,iizz(u(t) —y(t)) = I;iigzs(U(s) —Y(s)) = I;iigzsU(s)(l T le(s)]’
u(t) = 1(t) va Liing(s) = 400 , we obtain I;irll(u(t) - y(t)) =1-k%,
We imply &, =1;
b) (2 marks)

i (lmark)G(s)=L2
s(1+T23)
T, 4T\ T: .
a=4: Ty =T +4T,, b, =—L_ T, =—12 T 4T, with
1 1 2> p kT22 D TI 2
5

k=0.5, T} =T, =2 we obtain T} =10, kp=§, Tp=16,T=8

ii. (1 mark) Stability reserve of closed system does not depend on R, (s) We
need to obtain the open system with transfer function:
1 k
G =R, (s)G(s)=k,|1+—+Tps|"
h (s) 1 (s) (8) p( ¥ T;s ¥ DSJ s(1+Tys)(1+Tys)
_ kp 1+Tys)1+Tgs) . k _ kpk(l +Tgs)
T;s s(1+Tys)(1 + Tyys) T132 1+ Tys)

the Bode diagram of open system as follows.

1
w. =

¢ JTRT,

Ty =8, T, =T, =2 we imply w, = % Stability reserve of closed system Ag:

Ap=-7-q@, =-m-arcG,(jw,) = arctan(w,T,) - arctan(w,1g)

Ag = arctan (%) - arctan(2)



AL, (w)

\:\i) Chon a =4
: w, l/{iTz

1/Tg

¢) (1.5 marks)
i. (0.5 marks) Using the Theorem “The input is sinusoidal signal, the output
comes to sinusoidal signal depending on G, (jw)”;

ii. (0.5 marks) If R (s)is PI Controller then we do not obtain G, (jw) =1,

iii. (0.5 marks) R (s)-—>—(a>0)
ST +w
Exercise 2
a) (1 marks) we denote
1 01 1 a i=Ax+Bu
A=|0 2 1|,B=|0|,c=|0|=1dt " 7
011 1 1 y=clx

i. (0.5 marks)
The equivalent polynomial of matrix A will be:

det(sI -A)=(s- 1)(32 -3s+ 1). This system is not stable;
ii. (0.5 marks) Rank(B,AB,AzB) _ 3 = This system is controllable

b) (1 marks)
T

4 a O 1
i. (05marks) N=| ¢cTA |=|a 1 a+l
cT A2 a a+3 2a+2

ii. (0.5 marks) det(N)= —a(a2 +a- 1)

In order to obtain the observability property: det (N ) =0<a=0;

—11\/3
2

¢) (2 marks)
i. (1 marks) State Feedback controlis u=w-Rx véi R=(r;, r, n) sastisfy

eigen values of (A - Z_)ZT) inside (-2,0) and we select all of eigen values
being -1), we obtain based on Ackermann

[ n n]=[0 0 1|M'®,(A)=[-4,-24,11]

2
ii. (1 marks) Observer
i. (0.5 marks) £ is the root of difference equation

d—i=A%+éu+L(y—gT)_C)-
dt
ii. (0.5 marks) Find matrix L to obtain that (A - LgT )have all

eigenvalues being -3 (faster than e~%). Using Ackermann:



0
L=o,(A)N"|0|=[28,77,-15]"
1

(1d) Drawing. The closed system is not controllable because £ converge to x



SOLUTION OF EXAM 02
Subject: CONTROL THEORY

Exercise 1 (5 marks):

d) (1.5 marks)
d) (0.5 marks) Consider the Polynomial:

A(s)=Tys" +2T,s" +s+kk=5"+25" +s+ 10k,
i.  (0.5d) Routh Table

1 1
2 10k,
2 10k,
2
10k,

We obtain: 0 <k, <0.2

ii. 0.5 a)
Because of stable closed loop system, there exists the Limitation

) : . k kG(s)
Itliizz(u(t) —y(t)) = I;iigzs(U(s) —Y(s)) = I;iigzsU(s)(l _Lil;I—G(s)];
Becauseu(t) = 1(t) , we imply I;zjglG(s) = +o0 and
I;illl(u(t)—y(t)) =1-k,, weobtain &, =1;

b) (2 marks)
: k
. (1 marks) G(s)=———
i marks (s) s(1+TZs)2
(a=4): T; =T +4Ty, k, =L2, Tp = 4T1T2, T = AT, where
T, Ty
1

k=10, T =T, =1 we obtain T} =5, kl’:E’ T, =08,T=4

i. (1 mark) Stability reserve of closed system does not depend on R, (s) We

need to obtain the open system with transfer function:

1 k
G =R (s)G(s)=k, |1+—+Tps |
h (s) 1 (s) (8) p( ¥ T;s ¥ DSJ s(1+Tys)(1+Tys)
_ kp 1+Tys)1+Tgs) . k _ kpk(l +Tgs)
T;s s(1+Tys)(1 + Tyys) T132 1+ Tys)
the Bode diagram of open system as follows.

1
w, = .
TBT2

;

T =8, T, =T, =2 we imply w, = % Stability reserve of closed system Ag:



Ap=-7-q@, =-m-arcG,(jw,) = arctan(w,T,) - arctan(w, 1)

Ag = arctan (%) —arctan(2)

\,(\i) Chon a =4
: w, l/{iTz
>

(1.5 marks)
a. (0.5 marks) Using the Theorem “The input is sinusoidal signal, the output
comes to sinusoidal signal depending on G, (jw)”;

b. (0.5 marks) If R (s)is PI Controller then we do not obtain G, (jw) =1,

ii. (0.5 marks) R (s)-—>—(a>0)
S +w
Exercise 2
a) (1 marks) we denote
1 01 1 a L=Ax+Bu
A=|0 2 1|,B=|0|,c=|0|=1dt "= 7
011 1 1 y=clx

i. (0.5 marks)
The equivalent polynomial of matrix A will be:

det(sI -A)=(s- 1)(32 -3s+ 1). This system is not stable;

ii. (0.5 marks) Rank(B,AB,AzB) _ 3 = This system is controllable
b) (1 marks)

") a 0 1
i. (0.5marks) N=| ¢TA |=|a 1 a+l
cT A2 a a+3 2a+2

ii. (0.5 marks) det(N)= —a(a2 +a- 1)

—11\/3
2

In order to obtain the observability property: det (N ) =0 < a=0;

¢) (2 marks)
i. (1 marks) State Feedback controlis u=w-Rx véi R=(r; r, n) sastisfy

eigen values of (A - Z_)L'T) inside (-2,0) and we select all of eigen values

being -1), we obtain based on Ackermann
[ n n]=[0 0 1|M ', (A)= [-4,-24,11]

2
ii. (1 marks) Observer

i. (0.5 marks) £ is the root of difference equation

‘;_%=A)£+Qu+L(y—gT%)-



ii. (0.5 marks) Find matrix L to obtain that (A - LgT )have all

eigenvalues being -3 (faster than e~2). Using Ackermann:
0

L=o,(A)N"|0|=[28,77,-15]"
1

(1d) Drawing. The closed system is not controllable because # converge to x



