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L=10/((1+5*s)*(1+2*s))

nyquist(L)

Nyquist Diagram L=10/((1+5"s)*(1+2*s))
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L=20%*(s+2)/((s+4)*(s-1)) nyquist(L) bode(L)

Nyquist Diagram L=20*(s+2)/((s+4)*(s-1)) Bode Diagram L=20*(s+2)/((s+4)*(s-1))
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L=2*(s+2)/((s+4)*(s-1)) nyquist(L) bode(L)

Nyquist Diagram L=2*(s+2)/((s+4)*(s-1)) Bode Diagram L=2*(s+2)/((s+4)*(s-1))
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L=(s+2)/((s+4)*(s-1))

nyquist(L)

Nyquist Diagram
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NI=[0,5]; DI=[12 1 0.5];

L=tf(NI,DI) L=5/(s"3+2s*2+s+0.5)
L=zpk(L) L=5/((s+1.565) (s"2 + 0.4348s + 0.3194))
Nyquist Diagram L=5/(s® + 2 s? + s + 0.5) Bode Diagram L=5/(s® + 2 s2 + s + 0.5)
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L=4/((1+0.1*s)*(1+0.5*s)*(1+0.4*s))

F= 200/((s+12.07) (s72 + 2.426s + 20.71))

Nyquist Diagram L=4/((1+0.1*s)*(1+0.5%s)*(1+0.4"s))
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L=K/((s+1)*(s+2)*(s+3)) instabile per K>60

Root Locus L=1/((s+1)*(s+2)*(s+3))
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Esercizio 6 +
s=zpk('s'); —- G -

G=1/((s*(1+0.1*s)*(1+(0.5*s))))  H=k

k|-

20 k
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Nyquist Diagram GH= k/(s*(1+0.1*s)*(1+0.5%s))
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Gk= ki(s*(1+0.1*s)*(1+0.5*s))
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Esercizio 6

La funzione di trasferimento ad anello aperto del sistema é:

k
B8} e o

Il sistema & stabile ad anello aperto perché la sua funzione di trasferimento

e VA e i S R

1 1
non ha poli a parte reale positiva [PF 0, po= BEL Pa= —ﬁ].

Posto s =/ - w, si ha:

k

Ue) o) T ot e) (1+7:05-0)

@ = —arctg2 — arctg 010 —arctg o
0 1 1
G(j-0)-H(j-0)|— o
e perw=0 |(j o)t co)‘—>
®=-90°
—
G(j-@)-H(j-w)|-0
e perm—>oo
@ — -270°

La pulsazione in corrispondenza della quale il diagramma interseca I'as-
se reale &

—j-k-(1-j-0,1-®)-(1-j-0,5-0)

G(j-o)H(j o)= m-[1+(0,1-f9)2]'[1*'(0'5'(0)2]

376



U.D.5 Esercizi svolti

- k+j-0,08 Kk @®-05k w-01k w

S = [ o al [ 1+ (05 0]

06 k-w
» [1.<o.1-m)3]-[1+|o.5-mr"]

Re{G(j-w)-H(/-o)|=

j % (0,05 ﬁ-mz-ﬂ

Im{{)-w)-H{J-w))= m<[1+(0.1 w)z] [H{O.S-m]?]

ﬁ-[0,0G-k-m’—!j

a-l‘l-r[o.l-w}a]-[1+{0.5-m]2] ==

1
2 N —
W =0105

Il modulo della funzione di trasferimento ad ansllo aperto calcolato in cor-
rispondenza di wm, & uguake a

G- @) Hj)|=— -1

e
pl
& 3|

Il sisterna &:

* stabile quando @ 0<k<12 perché il diagramma & Nyquist non circonda
il puro -1+ . O

* instabile gquando & k>12 perché in questulimo caso siha N=2e P« 0

]‘ -2 —

& il limite per @ — 0 della parte reale della funzione
G{J- 5 n!

06k @ 'rh

imRe|G( jw)-H I 08k o=0
u_".'o“"l [jw)-Hjo)|= "T"m|1 e ”1+|05m] ] 0.6k o‘

MATLAB J 3

% Modulo § UnitA didattica 5 Esercizioc 6
Gl=t£(30, [1 0]); G2»cf(1,(0.1 11);: G3=tf(1, (0.5 1]}
GH=G1*G2*G3

itiview

Per osservare la zona significativa del diagramma utllizzare | o=0 [
pulsanti di zoom.

Fig. 5.5.53

n



Modulo §

Esercizio 7
La funzione di trasferimento ad anello aperto del sistema &:
G(s)-His)= -
s? (1+0,5s)
Il sistema & stabile ad anello aperto perché la sua funzione di trasferimento
R : )
non ha poli a parte reale positiva [91 =Pz =0, py = 05,
Posto s = j - @, si ha:
G(j-w)-Hlj-0)= ud
(j-@)® (14j-0,5 )
¢=—180°—arag°"‘:+“’
« perw=0 {IG“'N]'H“'"’)I"“
& = -180°
. per s |G(j-@)-H(j-w) -0
@ — -270°
Il sistema & instabile ad anello chiuso perché ¢ N=2 e P = 0: il dia-
gramma di Nyquist circonda in verso orano il punto -1+ - 0 {fig. 5.5.54).
MATLAB
% Modulo 5 Unitd didattica 5 Esercizio 7
Gl=t£{(10, [1 0 0]); G2=t£(1,[0.5 1])
GH=G1*G2
ltiview
4 Im
@=0*
4 -3 2
Re
w=0
Fig. 5.5.54




Esercizio 7

GH=10/(s"2*(1+0.5%*s))

Nyquist Diagram GH=1OI(52*(1+0.5*s))
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Magnitude (dB)
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U.D.5 Esercizi svolti

Esercizio 8

B e — —— e ———————

La funzione di trasferimento ad anello aperto del sistema &:

(1-3-s)

G(s)-H(s)=

Il sistema & instabile ad anello aperto perché la sua funzione di trasferimen-

to ha un polo positivo (Pﬂl A

Posto s = /- @, si ha:

6(1-0) Hij- )=o)

S- -3-®
o=arclng-arclg—i—

G(j-w)-H(}-w)|=10

. w=0
anl Lﬁ=0°

G(J-0) H(j-0) >
@ —180°

IIWMDOW il diagramma di
Nyquist ci una sola volta il punto -1 + - rso antiorario (fig. 5.5.55).

MATLAB

% Modulo 5 Unitd didattica 5 Esercizio 8
Gl=t£{10, [-3 1]); G2=tf({[5 1],(0 1))
GH=G1l*G2

ltiview

Fig. 5.5.55



Esercizio 8

GH=10*(1+5%*s)/(1-3%s)

-16.667 (s+0.2)
GH = —ommemmemeeeeeee
(s-0.3333)

15
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Imaginary Axis
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N
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Nyquist Diagram GH=10*(1+5*s)/(1-3*s)
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Modulo 5

Fig. 5.5.56

La funzione di trasferimento ad anello aperto del sistema &:

10-{1+0.1-5)

G(s) H(s)=— 5

Il sistema & instabile ad anello aperto perché la sua funzione di tra-

1
sferimento ha un polo reale positivo [m = 'E) .

Posto s= /- m, si ha:
10-(1+:0,1 @)
(-] 5a)

G(j-w)-H(j-@)=

- arctg—o‘l"' - -arctg—_s{m

¢ peraw=0 [Eif:}'ffli-mllﬂo
G(J-@)-H[j w)|->02
¢ —180°

Il sistema & instabile ad anello chiuso, N.= = 1, perché il diagram-
ma di Nyquist Aon circonda I punts =1+ /- 0 (fig. 5.5.56).

MATLAB

% Modulo 5 Unita didattica 5 Esercizio 9
Gl=tf{ [0.1 1], [-5 1])

GH=10*G1l

ltiview

¢ pera— e {




Esercizio 9
GH=10*(1+0.1%*s)/(1-5%s)

-0.2 (s+10)

instabile ad anello aperto
instabile ad anello chiuso

Imaginary Axis
o

Nyquist Diagram GH= 10*(1+0.1*s)/(1-5*s)

System: GH

System: GH

Phase Margin (deg): -84.1
Delay Margin (sec): 2.37
At frequency (rad/s): 2.03
Closed loop stable? No

System: GH
Gain Margin (dB): 14 Real: 10
2k At frequency (rad/s): Inf Imag: 0.0727 -
Closed loop stable? No Frequency (rad/s): 0.00143
4 F .
_6 1 | | | |
-2 0 2 4 6 8 10
Real Axis
Bode Diagram GH= 10*(1+0.1*s)/(1-5*s)
20 u T Ty T L L | T T
@ 10+ 1
2
) .
T - System: GH
.g Gain Margin (dB): 14
> At frequency (rad/s): Inf
= -10 Closed loop stable? No
1)
_20 | L P A | L MR A | L 11l
180 F———=———== e R i T e
o 135 n
o)
S
o 90 i
& System: GH
ﬁ 45 Phase Margin (deg): -84.1
Delay Margin (sec): 2.37
ok s ., Atfrequency (rad/s): 2.03
Closed loop stable? No
1072 107 10° 0P o 103

Margine di guadagno >0

Frequency (rad/s)

margine di fase <0 instabile ad anello chiuso



Esercizio XX
GH= 20*(0.5+s)/((s*2+s)*(1+s))

6.6667 (s+0.5)

GH = - stabile ad anello aperto
s (s+1)
Nyquist Diagram GH= 20*(0.5+s)/((s*2+s)*(1+s))
60 T T T T T T T T T
401 -
System: GH

w 20T Real: 0.0357 iy
5 Imag: -0.69
> Frequency (rad/s): 9.62
m O - <+_ ................... ., .................................................................... -
£ ‘
cU .
£ :

20T : System: GH |

Real: 3.32
Imag: -48.3
-40 | Frequency (rad/s): 0.0695 |
|
_60 | | I | | | 1 | 1 L
-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5
Real Axis
Bode Diagram GH= 20%(0.5+s)/((s*2+s)*(1+s))

60 Ty T T
@ 40
=
[
3 20
c
S
s 0

-20 ' : !

70 -
=)
o}
=2
o -80
7
®
o

-90 System: GH

Phase Margin (deg): 94.3
o : ————— Delay Margin (sec): 0.249
1072 107! At frequency (rad/s): 6.61 10

Frequency (rad/ Closed loop stable? Yes



Esercizio 10
GH= 20*(0.5+s)/((s*(2+s)*(1+s)))

20 (s+0.5)

s (s+2) (s+1)

Nyquist Diagram
50 w ' '

40
30
20

10

GH= 20%(0.5+s)/((s*(2+s)*(1+s)))

-10

Imaginary Axis

Zoom

0 0.5
Real Axis

+s)/((s*

Nyquist Diagram

10

Imaginary Axis

GH= 20%(0.5 (2+s)*(1+s)))

-1.8 -16 -14 -12



Bode Diagram GH= 20*(0.5+s)/((s*(2+s)*(1+s)))

40 ' T
)
o
[
o
=
c
o
©
=
-60 : -
45 F . s -
g System: GH
S _90 Phase Margin (deg): 32 ]
z Delay Margin (sec): 0.133
@ At frequency (rad/s): 4.21
§ 135 - Closed loop stable? Yes
-180 =—— N
107! 100 10"

Frequency (rad/s)

Stabile ad anello aperto e ad anello chiuso



Esercizio 11

GH=10/(s*(1+0.1*s)*(1+0.01*s))

GH = - stabile ad anello aperto
s (s+10) (s+100)

Nyquist Diagram GH= 10/(s*(1+0.1*s)*(1+0.01*s))

20

Imaginary Axis

_20 1 1 1 1 1
-1.2 -1 -0.8 -0.6 -0.4 -0.2
Real Axis
Bode Diagram GH= 10/(s*(1+0.1*s)*(1+0.01*s))
50 T T T T T T T T T T T T T T T

System: GH
Gain Margin (dB): 20.8
At frequency (rad/s): 31.6
Closed loop stable? Yes

Magnitude (dB)
B

50 b

-90

System: GH
Phase Margin (deg): 474 o >~ .
Delay Margin (sec): 0.105
At frequency (rad/s): 7.84
Closed loop stable? Yes

Phase (deg)
=

| il ' P S |

7o b . i
107" 100 10" 102 103 104
Frequency (rad/s)



ES 11 bis

GH=100/(s*(1+0.1*s)*(1+0.01%*s))

le+05
GH = - stabile di poco ad anello chiuso
s (s+10) (s+100) (non sufficientemente stabile)
Nyquist Diagram GH= 100/(s*(1+0.1*s)*(1+0.01*s))
4 T T T T T T T T T
3 — -
2 (— -
System: GH
o 4L Gain Margin (dB): 0.828
5 At frequency (rad/s): 31.6 /
> Closed loop stable? Yes
©
£
(o)
©
£
_4 | | | | | | | | |
-5 -4.5 -4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0
Real Axis
Bode Diagram GH= 100/(s*(1+0.1*s)*(1+0.01*s))
100 g T T T L | T Trorrrrrg T T
o 50 a
Z
% 0 i — e e e e T 7
=) System: GH
g) -50 Gain Margin (dB): 0.828
<§U At frequency (rad/s): 31.6
-100 | Closed loop stable? Yes
-150 b —— ol ——— System: GH e
-90 =L " 77T 77 Phase Margin (deg): 1.58 ]
Delay Margin (sec): 0.000913
=) At frequency (rad/s): 30.1
-\%i Closed loop stable? Yes
@ 180 e
n
®
e
[a
-270 - - : —

107"

100 10’ 102 103 10*
Frequency (rad/s)



ES 11 ter

GH=400/(s*(1+0.1*s)*(1+0.01%*s))
4e+05
]
s (s+10) (s+100)
Nyquist Diagram GH= 400/(s*(1+0.1*s)*(1+0.01*s))
2 T T T T T T T I

Imaginary Axis
. o o
- (&)} o (@]

1
-
(6)]

-2

Magnitude (dB)

System: GH
Phase Margin (deg): -20.5
Delay Margin (sec): 0.102
At frequency (rad/s): 58.4
Closed loop stable? No

System: GH
Gain Margin (dB): -11.2
At frequency (rad/s): 31.6
Closed loop stable? No

stabile ad anello aperto — instabile ad anello chiuso

Phase (deg)

| | 1 | 1 | 1 |
-8 -7 -6 -5 -4 -3 -2 -1 0 1
Real Axis
GH=400/(s*(1+0.1*s)*(1+0.01*s))
100 T T T T T T 77T \\\\\‘ T \SystemGH T T T 17 T T T 170771
Gain Margin (dB): -11.2
50 At frequency (rad/s): 31.6 —
Closed loop stable? No
O ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
-50 -
-100 -
_150 1 1 | I S T - 1 1 JJJ\JJJ 1 1 lllllll L 1 lllllll L1 111
-90 e T T T e e e |
System: GH
Phase Margin (deg): -20.5
Delay Margin (sec): 0.102
At frequency (rad/s): 58.4
L N Closed loop stable?No ]
_270 I | R | I L] | I B |
10" 10° 10° 102 103 104

Frequency (rad/s)



