0.0. 3.2.1

Asymptotic Bode diagrams: exercises

e Trace asymptotic Bode diagrams of the following function G(s):
60 (s* 4+ 0.8 5 + 4)
- s(s —30)(1 + ﬁ)z'
Initial slope: -20 db/dec. Critical pulsations: w = 2 (two complex conjugate
zeros stable), w = 30 (an unstable pole) and w =200 (two stable poles).

G(s)

Diagramma asintotico dei moduli

FunctionGy(s):
_ ooy _ 8
Gols) = =02 = 75
Initial phase ¢y = —%77. ? * 20
Diagramma a gradoni delle fasi
FunctionG(s): _90: “““““““““ “““““““““““““
o) 2400000 oo L oo
Goo(S) — 3(3)(21%)2 — 2 o PO /
Final phase ¢, = —.
Diagramma dei moduli
Gainf: - ok IR R DN
6 = ‘GU(S)’5:2 g
— 4 =12 db. £
Gainvy:

Y= ‘Goo(s)’szzoo
= 60 = 35.56 db.




3.2. BODE DIAGRAMS 3.2.2

e Trace asymptotic Bode diagrams of the following function G(s):

1470 (s + 300)
s(s—=T)(s>2+15s+900)

G(s) =

Initial slope: -20 db/dec. Critical pulsations: w = 7 (unstable pole), w = 30
(two stable complex conjugate poles) and w = 300 (a stable zero).

Diagramma asintotico dei moduli

FunctionGy(s):
@) (0
Go(s) = SCNO0) T g
Initial phase ¢y = —%77.
FunctionG(s): o S I
_1470(s) 1470 2700 S / \\ — Poo
GOO(S) T os(s)(s?) g3 ? \\\ e -7
Final phase ¢, = —%71'. - o .
Gaing: _
B =1Go(s)| = g 52
— 10 = 20 db. £
Gainvy:
7 = 1Goo(8)] =300
1470

Pulsazione w [rad/s]



3.2. BODE DIAGRAMS 3.2.3

e Trace asymptotic Bode diagrams of the following function G(s):

) 50 (5 — s5)?
G(s) = s(s2— 185+ 900)(10s +5)°

Initial slope: -20 db/dec. Critical pulsations: w = 0.5 (a stable pole), w = 5
(two real unstable zeros) and w = 30 (two unstable conjugate complex poles).

Diagramma asintotico dei moduli

FunctionG(s): 0 —G0(s) - .
6 0. wr oo o I T T T T T T T T T T T e
50 (5)2 0 o |
Go(s) = = o e e Sttt o
900)(5 60, x .
. _ T -100. I i
Initial phase ¢y = —3. i i i
Diagramma a gradoni delle fasi
FunctionG «(s): o0 0 _ R
50(—3)2 5 ~180.— — i \\f S 5 - Poo
G S) = — 5 N /
OO( ) S( 2)(108) 82 —270. N R /
Final phase p, = —. 360 0s 5 2
Gainﬁ: Diagramma dei moduli
2 G T ‘ ]
Fel s ettt i ey T T T T T I T T T T T T T T T T T T T T
6 — ’GO(S)‘S:0.5 '_% 201 ! 1
5 B : T |
— - =_5.14db. 2 ! : | Gool8) ]
9 < _100f : : } 3
Gainvy: ]
v = |Goo(8)] 430 :
5 |7
=5 = —45.1 db. g
30 .

Pulsazione w [rad/s]



3.2. BODE DIAGRAMS 3.2.4

e Trace asymptotic Bode diagrams of the following function G(s):
o) — s (s + 400)
(1+3s)(s2—1.55+9)

Initial slope: +20 db/dec. Critical pulsations: w = 0.333 (a stable pole),
w = 3 (two unstable conjugate complex poles) and w = 400 (a stable real

zero).
Diagramma asintotico dei moduli
FunctionGy(s):
_ 5(400) 400 s
Gols) = T = —

iy o
Initial phase ¢y = 3

Funct|0nGoo(S) 2Q0. XXI “““““““““““ ;i - Poo
o os(s) 1 -180-~*‘~‘ﬁ“‘*‘ﬁ“‘€“‘”‘ﬁ“‘ :// — T
Gools) = Gony = 3 N R R S
Final phase o, = —3. 360, o a0
Gaing:

™ a

= ‘GO(S)|320.333 %
400 2
=5 = 23.4 db. §
Gainy:
= ’GOO(S>’3:4OO
1

107 10" 10° 10" 10° 10° 10°*
Pulsazione w [rad/s]



3.2. BODE DIAGRAMS 3.2.5

e Please refer to the Bode diagrams shown in the figure. Within the limits of
the precision allowed by the graph calculate the expression of the function G(s).

Diagramma dei moduli

a
o

Gaing for w = 1:
£ =20 db = 10.

Ampiezza [db]

Critical frequenciesw:

|
|
1
|
|
l
|

ol

10" 10° 10" 10> 10°

0 — a pole
1 — uno zero stabile

5 — uno zero stabile
20 — due poli c.c instabili

Coefficient o:

M, =1 — 6=0.5.

Pulsazione w [rad/s]

The initial slope indicates the presence of a pole in the origin. The value of §
of the couple of complex conjugate poles is 0 = 0.5 because it is clear from the
graph that for w, = 20 the real diagram coincides with the asymptotic one.

The system transfer function is as follows:

K

G(s) B0 (s+1)(s+5)  10(1+s)(1+0.2s)
S) X~ = .
s(s2—20s+400)  s(1—0.055+0.025s2)

The value of the K gain of the G(s) function is determined by imposing that
the gain of the approximate G(s) for w = 1 is equal to 3:

bK K

Gofs)loy = || =5

= 10 — K = 800.
5= 400s{,_;

The value of the gain K can also be determined by imposing that the gain of
the approximate Galnf(s) for w = 20 is equal to v = 32 db:
K K

Gool() ooy = | = = =32db=40 = K=50.

5=3520



3.2. BODE DIAGRAMS 3.2.6

e Please refer to the Bode diagrams shown in the figure. Within the limits of
the precision allowed by the graph calculate the expression of the function G(s).

Diagramma dei moduli
ey Y oo Y g

Gaing for w = 0.2: 70

a (2]
o o
T T

B = 40 db = 100.

[ RN
o o
T

Critical frequenciesw:

Ampiezza [db]

=
o
T

o

0 — a pole 0
0.2 — a stable pole
1 — two c.c. zeros

180

135

©
o
T

8 — an instable zero
200 — a stable pole

IS
a

Fase [gradi]

Coefficiente 0: a5

-90

I I
I I
! !
t i M | M M i M | M
107 10" 10° 10" 10 10° 10*

Mwn —925 5 §=029. Pulsazione w [rad/s]

The initial slope “-1" indicates the presence of a pole in the origin. The value
of 0 = 0.2 of the couple of complex conjugate zeros is determined by the value
M, = 8 db at the pulsation w, = 1.

The system transfer function is as follows:

K
G(s) ~ m(SZ +04s5+1)(s—8) 20(1+0.4s+s%)(1—0.125s)
T s(s—=02)(s+200)  s(1—58)(140.005s)

The value of the K gain of the G(s) function is determined by imposing that
the gain of the approximate G(s) for w = 0.2 is equal to 3:

K K
8— = 8— = 100 — K = 100.
40s

5=70.2 8

Go(3)],_ 0 = \

The value of the gain K can also be determined by imposing that the gain of
the approximate Galnf(s) for w = 200 is equal to v = 40 db:

Goo($)|y_jogp= K =40db =100 — K =100.



3.2. BODE DIAGRAMS 3.2.7

e Please refer to the Bode diagrams shown in the figure. To calculate: 1)
the analytical expression of the function G(s); 2) the steady-state response
Yso(t) of the system G(s) when the signal is present: x(t) = 5 sin(0.02¢) +
3 cos(400¢).

Diagramma dei moduli
T LA | T LA | T LA |

a1
(=]

Gainf for w = 0.2:

B
o
T

B = 40 db = 100.

Ampiezza [db]

R e

|
|
|
|
|
|
1

Critical frequenciesw:

I
H M I 1 H HE HE H HEN
107 10" 10° 10" 10° 10°

0 — a zero

0.2 — two stable c.c. poles
1 — a stable zero
20 — a stable pole

Fase [gradi]

Coefficient ¢:

_ _ I
Mp =166 — 0 =0.3. Pulsazione w [rad/s]

1) The system transfer function is as follows:
K

Gls) = 400" s(s+1) B 500 s (1 + s)
(5240125 +0.04)(s +20)  (1+3s+2552)(1+0.05s)

The value of the K gain of the G(s) function is determined by imposing that

the gain of the approximate Gy (s) for w = 0.2 is equal to §:

K K 0.2
‘GO(SHs:jO.Q = 0—88 = —— =100 — K = 400.

5=70.2 0.8

2) The steady state response of the system (G(s) to the given signal is the
following:

Yoo(t) = 5 |G(0.027)] sin(0.02¢ + arg G(0.025))
+3 |G(4007)| cos(400t + arg G(4007))
= 50.4 sin(0.02¢ + 87.62°) + 2.996 cos(400t — 87.26°).

The values of |G(0.027)], arg G(0.027)), |G(4007)| and arg G(4004)) are read
directly on the diagrams of Bode of the modules and phases.




3.2. BODE DIAGRAMS 3.2.8

e Please refer to the Bode diagrams shown in the figure. Within the limits of
the precision allowed by the graph: 1) obtain the analytical expression of the
function G(s); 2) draw the qualitative trend of the response to the unit step.

Diagramma dei moduli
60 T T T

Static gain: %[
5 40 SR
= 2o L
G(0) = 100. e Lol § ]
B T e e i N T T T T T T T e
" _— oo j
Critical frequenciesw: < wf | |
40| I Ll |
_50_2 H Humx_l | H““xo H Hluuxl H Humxz | Humxa Ly .
0.2 — due poli c.c. stabili 10 10 10 10 10 10 10
5 — due zeri stabili i
200 — un polo stabile _ o .
O
.. S _as| |
Coefficient 9: 20 |
Q-9 : ‘
= -135} : :
Mrpr=5 — §=0.1. ) |
~180 T R T R A A S S S e B B B il i
107 107 10° 10" 10 10° 10*

Pulsazione w [rad/s]

1) The analytical expression of the G(s) function is as follows:

G(s) 32 (s 4 5)? 100 (1 + 0.2 5)?
s) = = .
(s> +0.045+ 0.04)(s +200) (14 s+ 252)(1 + 0.005 s)

2) The trend of the step response of the system ((s) is shown in the figure.

Dominant poles: _ ,
Risposta al gradino
200 T T

p12 = —0.02 &= 50.199. o 1,
Ym |-~
Steady-state value: 60t

140

Yoo = G(0) = 100.

120~

Settling Time: R R B R B S N A T e
3 N 1
T,=— =150s. ‘
“0.02 | 1
Period T,: "l 3
2 T, T,
—7T ~ 3157 S. % 50 100 1éo 200 250

T, =
0.199 Time [s]



