Control theory Exam, December 8, 2008

Name:

Points:

1. Given the following control loop:

Y, (t)
r(t) %e(t) (s u(t)% P(9) y(®),

C(s)=0.427>5 p(g) = !
S (1+5s)(1+s)(a+ 0.3)

a./ Give the gain margin, phase margin and cufreffuency of the system. Is the closed loop
stable? (4 points)

In case ofr(t) =0 and y, (t) =1(t),

b./ draw they output signal of the system. (4 points)
c./ give the steady state value and settling tifrte@output signal. (2 points)

2. In a sampled data system the transfer functidheoprocess is:

_ 0.4 _2s N B
P(s) Z 0.8 O.2e The sampling time iB=1.
a./ Give theG(z) discrete transfer function of the process in geote form if zero order hold
is applied (4 points)
b./ Is theG(2) discrete transfer function stable? Explain youwsveer. (2 points)

c./ Give the values of the step respons€(@j in first five sampling points. (2 points)

3. A continuous process is given by its state roegri

A{_Ol _18]b=m,c=[2 dgd=c.

a./ Design a state variable feedback control systerithe closed loop system is a second
order oscillating element with damping factor of @nd time constant of 0.2. (5 points)
b./ Calculate thek_ input gain value for unity static reference followi (2 points)

1
(1+s)(1+10s)
In case ofu(t) =sin(0.9 ) input signal the steady state output signal( = Asin(0.5+¢ ).
Give the value of A ang. (5 points)

4. The transfer function of a continuous planP(s) =



Control theory Exam, December 8, 2008, Solution

1.
a.
s=zpk('s"),C=0.4*(1+5*s)/s, P=1/((1+5*s)*(1+s)*(180s)), L=C*P,L=minreal(L)
figure(1),margin(L)

pm=65°, wc=0.37rad/sec, Gm=23.5dB, 04 ! ! !
gm=margin(L) ! ! !
gm=15 Lo A U s i
Tz=P/(1+L), 02f At E—
figure(2), [y,t]=step(Tz),plot(t,y),grid ! ! !
R R e -
y_vég=0, ts== 20 sec ! ! !
o | | |
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2.
a./

s=tf('s"), P=0.4/(s*s-0.8*s-0.2), P=zpk(P), %P=1%@P=2/((s-1)*(5*s+1)), P=tf(P)
Ts=1, Td=2, d=Td/Ts, z=zpk('z',Ts),G1lz=c2d(P,Ts5Gtz/(z"d)

0.27065 (z+1.302)

z"2 (z-0.8187) (z-2.718)

b. Unstable, the absolute value of a pole is greaténan 1.
C.
y=step(Gz,5)

3.
a=[-1, 1,0, -8], b=[1;1],c=[2, 0], d=0
T0=0.2, kszi=0.7, den=[TO*TO, 2*T0*kszi,1], pc=regtien)
den = [0.0400 0.2800 1.0000],
pc =
-3.5000 + 3.5707i
-3.5000 - 3.5707i
k=acker(a,b,pc), G=1/dcgain(a-b*k,b,c,d)
K=2.3750 -4.3750
G= 1.3889

4.

s=zpk('s"), P=1/((1+1*s)*(1+10*s)),
w=0.5, [m,fl=bode(P,w)

A=m, fi=f

A=0.1754
fi=-105.2551



