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Transient and Regime (Steady-State) Response

« Consider an asymptotically stable LTI continuous-time that is fully
described (that is, no common factors) by the transfer function:

N(s)
p(s)

G(s) =

« Impose a generic input u(t) that admits a rational Laplace transform.
Hence (initial conditions are zero):
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Consider:

2(s+1)
(s 4+ 2)(s+ 10)

G(s) =

u(t) =4t - 1(t)

Hence, carrying out the Laplace transform:

B 2(s+1) 4
V) = GroGsri0) =
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Example (contd.) &2 DI TRIESTE

Therefore:

 Transient Response:

1 1 9 1

Yrans. — :
trans. () 4 512 T 100 s+10

1 9
ytrans.(t) — [_Z 6_2t + ﬁe—lOt] . 1(t)

e Regime (Steady-State) Response:
41
S

i
25 5

Yreg-(s) —

Yreg. (1) = [% + %t] - 1(2)
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Example (contd,) @ gleiEngTé DEGLI STUDI

0.2 T I I I T | |

0 0.5 1 1.5 2 2.5 3 3.5 4
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Transient and Regime (Steady-State) Response (contd,)

« Carrying out the partial fraction expansion and the inverse Laplace
transform:

Contribution due to asymptotically

__~ stable poles of Y (s)

Contribution due to marginally stable

/ poles of Y (s)

Contribution due to unstable poles of Y (s)
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Transient and Regime (Steady-State) Response (contd,)

Therefore:

e Transient Response:

— 0
t— 00

Nag.s. P@
2

ytrans.(t) — E_l
i—1 ° Di

The transient response contribution vanishes asymptotically

* Regime (Steady-State) Response:

nms

Yreg. (t) — E_l Z

Nunst.
>

S —_—
—1 Pk

+ L1

S—pj

The regime response contribution does not vanish over time and
Is only caused by the non-vanishing input
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Sinusoidal Response

« Consider an asymptotically stable LTI continuous-time that is fully
described (that is, no common factors) by the transfer function G(s)

 Moreover, consider:
u(t) = Asin(wt)1(t)

u(t) y(?)
Aw g G(s) >

s2 4+ w?

U(s) =

 For simplicity, assume that all poles of G(s) are real and distinct. From
the asymptotic stability assumption, it follows that:

(1 + sT;)

—:

1

G(s)=p -

(1 —+ 87'7;)

—.

~
1
—_
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Sinusoidal Response (contd, UNIVERSITA DEGLI STUDI
Hence:
Aw Aw
Y(s) =G(s) 375 = G(s) 7— .
2 4w (s — jw)(s + juw)

Q Q Qi S +
b Y (s) Lo gy y Beta

:1—|—37'1 1+ s79 14 s7, 824+ w?
— e - |\ ~ J
Yi(s) Ya(s)
by O )
t — ool
0

b [for t — oo (in practice t > ¢, ) mmsp  y(t) = y2(l) }
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Regime ("steady-state") Sinusoidal Response () D TRieste
Aw Aw
Y(s) = =
(5) = G(s) s2 + w? G(s) (s — jw)(s + jw)
L~ b y(t t) = ki " + koe 79Tt >0
Aw A
k = =G
1 G(S)s—l—jw i 2] G(jw)
Aw A
k = ——G(—
2= Gl 25| =500
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Regime ("steady-state") Sinusoidal Response (contd,)

It is easy to show that: G(s™) = G*(s) mm) G(jw) =G (—jw)

Since G(jw) = |G(jw)|e’*™@)  with ¢(w) = arg G(jw)
b G(—jw) = G*(jw) = |G(jw)|eI¢«)

Hence | , , ,
elwt | pjo(w) _ o—jwt | o—jp(w)

y(t) ~ 1p(t) = AIG(jw) 5

i (Witp(w)) _ p—i(wtte(w))

27

= A|G(jw)]

= A |G(jw)| sinwt + p(w)], t >0

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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Frequency Response (8 piTRiESTE

» Consider an asymptotically stable LTI continuous-time that is fully
described (that is, no common factors) by the transfer function G(s)

 Moreover, consider:
u(t) = Asin(wt)1(t)

u(?) y(¢)
Aw " G(s) g

S2 4 w?

Ul(s) =

The regime sinusoidal response (approximately equal to y(t) for ¢t > t, )is:

Yreg.(t) = Bsin(wt + ¢)
~ same angular frequency
where: B = |G(jw)| - A of the input sinusoid

p = arg G(jw)

The frequency response is defined as: G(jw), w >0

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 12



Example 1
Gls) = ——:  u(t) = 10sin(2t)1(¢)
s) =1, ult)=10sin
A =10; w = 2rad/s
| 1 1 — 2 C1-2 1 2
G(j2) = - _ - — =
1+ 2j (1—2])(1—|—2]) 5 5 “5
1 4 1
G(2)| =\ =+ == — 20447
arg G(j2) = arctg (—2) = —63° = —63° 155 ~ —1.1

10
y(t) ~ —=sin(2t — 1.1),

V5

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

t >t, ~ 4.6sec

13



#i@: UNIVERSITA DEGLI STUDI

Example 1 (contd) |G(jw)| decreases when w increases ) UNIVERSITA

the larger w the smaller the
amplitude of the regime response

GOw) N

ool \ ,,,,,,,,,,,,,,,,,, ................. .................. .................. T .................. ................ i
o8l \ 444444444444444444 444444444444444444 /- .................. T .................. .................. ................. ]
o7l ) 444444444444444444 [ A— .................. .................. .................. ................ ]
osk ,,,,,,,,,,,,,,,, — .................. .................. T S— ................ |

05 _ ,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,, .................. .................. .................. .................. .................. ................ _

04k ,,,,,,,,,,,,,,,,,, .................. .................. .................. SRR .................. ................ i
035 ,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,, ................ .................. FOUUTRORR .................. .................. ................. |

025 ,,,,,,,,,,,,,,,,,, .................. o .................. .................. .................. R— |

04k ,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,, .................. .................. ST .................. .........
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Example 2 (contd.)

: % UNIVERSITA DEGLI STUDI
S DITRIESTE

G (jw)

foo@T = G N N

]G(]w)| has a maximum|for w = 2

__________ §,_______________(res_o_n_a_n_ce__a_ng_u_lar__fre_q_uency)

in thls mterval the amplltude of the regime
response IS Iarger than the amplitude of the input

Fund. Automatic Control, G. Fenu - T. Parisini -

Part 8
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Graphical Representations of the Frequency Response () Y1\ vERSITA DEGLISTUD
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 Polar Diagrams: e Bode Diagrams:
G(jw), w=0 Gw)], w=0
p(w) =arg G(jw), w >0
Im[G(jw)] 4 o G(jw)] 4
o
Wi {( /-/\\/\/\

S\ Re[G (jw)] o

arg|G(jw)]

(Polar and Bode diagrams are related:\ _—

G(jw) = |G(jw)|e!?) d
\_ J

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 17



Bode Diagrams: Conventional Assumptions

 Magnitude:
— on the “horizontal axis™. log w

— on the “vertical axis™ |G(jw)|qB (xgB := 20log x)

e Phase:
— on the "horizontal axis™: logw

— on the “vertical axis”: arg G(jw) in degrees

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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Bode Diagrams: Linear and Logarithmic Scale

* Linear Scale: Wy + Wy
2
Wo — W1 — Wyq — Wg
@ @ @ @ @ >
w1 w9 w3 W4

* Logarithmic Scale:
log ws — logwy = logw, — logws

VW12 Wy
log = log —
w3
W
® @ ® @ @ >
log w

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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Bode Diagrams: Magnitude ¢} UNIVERSITA DEGLI STUDI

B
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_ M=
H (1 4+ s7;) .
: Kl i=1
b G(jw : ~
G(jw)| TRT |
H 11+ jwT|
ey (A)

(B)

L 1GGw)las :[201ogm|]/
—201og |jw]? J/ (©),(D)

S

+ Z;ZO log |1 + jwT;|

—2_20log |1 + jwr;|
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—201log |jwl|?

—201log |jw|? = —20g log w

In logarithmic coordinates it is a straight
line with slope —20 - gdB/dec

Conventionally, the straight line is set to pass through the point w =1
with 0dB gain

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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jwld |
I
|
]
|
|
i
i
#‘
|
|
|
1
|
o
i
H
1
i
N
i
|
|
T
|
i
i
|
T\
E

(B) [ —20log

24
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(©), (D) [20log |1+ jwT|, T € R

b 201log |1 + jwT| = 20log /1 + w272

_ 1

e If Ww*T? <« 1 ,thatis w<<m
b 201og |1 + jwT'| ~ 0

22 - 1

o If w*T* > 1 ,thatis w>>m

in logarithmic coordinates

b iogl +ju) = logjuT e

= 20log w|T|

= 20logw + 20 log |T'|

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 25



[maximum approximation error for w = 1/|T| : 20log v2 = 101og 2
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(C)/(D) [20 log ‘1 + ]wT\ + 20 log |1 + ij*‘7 T,T* C] "2 DITRIESTE

Recall:

(14 sT)(1+ sT™)

W h ere: ............................... Jw

0
.
. R
. .
. .
. .
N .
* .
. "
. .
. "
"""""
----------
-----------------

0<é<1 wmmm)p left half-plane

1< &< 0 mm=p right half-plane
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2
w2 4£2 )2
—201(’%\/(1;2) -

2\ 2 4£2,,2
QOlog\/<1%> + i;u ~ ()

20log |1 + jwT'| 4+ 201og |1 + jwT™|

2 1
= ZOlog‘l + —gjw — —2w2
W, w2

e |If w—0

¢ If w— o0 in logarithmic coordinates
5 itis a si(r)aigg’igli;mde with
2 A£2,2 slope : ec
201og\/(1— w—2> .
wn wn
A w? W
~ 20 log (—2> = 20log — = 40log — = 40logw — 40 log wy,
Wy, Wy, Wn
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\ng_‘,/ DI TRIESTE

Maximum approximation error for w = w,, :

L 2010g /2€7 = 20log(2/¢])

- If ¢ =1
b 201log(2) ~ 6dB

« If |£] =0

L -

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 30



Example 1

% UNIVERSITA DEGLI STUDI
7 DITRIESTE

-50 —
10

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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Example 2 W84 pi TRIESTE

100(1 + 10s)

G@)_su+2@u+04&+§)
g=1
u =100 = pugp = 40dB
21:—0.1
p1 =20
p2 = —0.9
p3.4a = —0.2 % 7v/0.96
w, =1; & =0.2

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 32



Example 3

~100(1 4 10s)

Gls) s(1 4 s)?
g=1
p=100 = pgp = 40dB
21 = —0.1
p1 =20
p2 =p3 = —1

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

G

100

7% UNIVERSITA DEGLI STUDI

%" DI TRIESTE
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3]

7 DITRIESTE

Example 4

G(s) — 0.1s(1 + s)

(1+55)%(14+0.2s)(1 —0.1s)

-30 — T T T

-40

g—-1 Lo e e
p=01 = pgg = —20dl / i XN

2 =0 bR
D1 = Py = —0.2 70k ........ ..... ............. ....... ..... ............. ........ .....
p3 = —5
ps =10 >

bbb BN
E - = ~40dB /dec

®
@
®

-
Q
—_
Q

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 34



Example 5

50(1 + 0.45)

%—r \\ UNIVERSITA DEGLI STUDI

aa’

' DITRIESTE

/ —
G'ls) = (14 10s)(1 +0.25 +52)  |Glag

30+

50(1 + 0.45)

G"(s) =

10

g=>0

=950 — ugp ~ 34dB or

21 = —2.9

P1 = —0.1

ph s =—0.1%j1/0.99
w, =1, =0.1

Py = —0.8 £ j1/0.36

(14 10s)(1 4 1.65 + s?) °

—ZOdB/deC

;40dB /dec

Y o W
\J

wp, =1,& =0.8 -40

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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Bode Diagrams: Phase

First, recall the conventions and assumptions for the frequency
response diagram of the phase:

 Phase:
— on the “horizontal axis™. logw

— on the “vertical axis”: arg G(jw) in degrees

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

#2g2% UNIVERSITA DEGLI STUDI
%= DITRIESTE
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Bode Diagrams: Phase (contd,)

¢ UNIVERSITA DEGLI STUDI
e

s
s, DITRIESTE
\mx*/\/

Care has to be exercised on the calculation of the phase of a complex number:

Conventions:

arg\ = 9 + k360°

v

f
Remark: the Matlab Control Systems Toolbox uses a

different convention since it represents the phase in the
Bode diagrams in the interval [0, +360°)

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

¥ > 0 : counterclockwise rotations

. arg A € [—180°,180°)

e If a>0
b b
arg A = arctg —
a
e If a<0;b6>0
b
b arg A\ = arctg — + 180°
a
e If a<0;b<0
b
b arg A = arctg — — 180°
a

37



Bode Diagrams: Phase (contd,)

More specifically:

b
e If a>0,b#A0 mmm)p arg\ = arctg —

a

o
.
A\
.
‘e
o
_ﬁ‘ b
0
.
o
0
.
o
.
.
g
.
g
.
‘.
‘e
.
o

0° < ¥ < +90°

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

Im 4
a/ [
4/19 Re
) — ‘®
A=a-+ j5b
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Bode Diagrams: Phase (contd,)

Im 4
)\ — q _|_]b @ b
e If a<0; b6>0
b ‘
A = arctg — + 180°
b arg arctg - -+ k\ﬁ
a Re
+90° < ¢ < +180°
Im ,
a I{:e
« If a<0;0<0 f,..i_/ﬁ
b arg A = arctg — — 180°
a
A= a -+ ]b P — b

—180° < ¥ < —90°

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 39



Bode Diagrams: Phase (contd,)
e If a>0,6=0

b arg A\ = 0°

ImA
a
=

v = 0°

Re

e fa=0,0>0
Ly argA = +90°

Im
b

\79 = +90°
R

€

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

ﬁj\ UNIVERSITA DEGLI STUDI

%x/ DITRIESTE

e Ifa<0,6=0
b arg A\ = —180°

Im 4
a
T Re
9 = —180°
e fa=0,b0<0
barg)\:—QOo

Im

T e

be ¢¥=_90°

40



Bode Diagrams: Phase (contd,)

The phase of a complex number satisfies some useful properties:

o arg (An) = arg (\) + arg (1)

) arg (\*) = karg (\)

e arg (%) = arg (A\) — arg (n)

~
/The calculation of the phase of G(jw) satisfies properties that are

b analogous to the ones of the logarithm in the case of the

calculation of 201log |G(jw)|
- J

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 41



u u ﬁgt“\% :
Bode Diagrams: Phase (contd.) WhormiesTe

NEmK A

H (1 -+ 87'7;)

i=1 (A)
R o A

« The conventions have to be applied [—arg (jw)? ]/
separately on each single element (A), (C),(D)
(B), (C), and (D)

» All such phase contributions have to be +S:[arg (1 4+ jwT5)
added along with their sign :

* The total phase at each value of the Z

angular frequency w may well take on a :
value outside [—180°, 180°] —Z[arg (1 + jwT;)

1

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 42
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arg G(jw)
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arg G(jw)
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#ay UNIVERSITA DEGLI STUDI

(€ [ arg (1 + jwT), T € R] W piTRIESTE

b arg (1 + jwT) = arctg wT

e If w—20
b arg (1 + jwT) — 0°

e |If w—

(5 90°if T >0
L arg (1 + jwT') 4
1 \
T

— —90°if T <0
e |If w=
( 45° if T >0
|» arg (1 + jwT') =

—45° it T'< 0

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 45
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©|arg(1+jwT), T €R|

arg G(jw) I - I -
10 o e

1350 IR IR | zerolefthalf-plane |
R R (or pole right half-plane)]

A D S T e e e e e e =
| | ! ! | | | [

| wue'dagrams

|

I e R N T S
| | | | | (I | | | | [
| | | | | | (I | | | | | | [
4 (@) | | | | | | [ | | | | | | [
5 | | | | | | (I | | | | | [

T I T 1 T T (| - T T e— T T T
| | | | | | [ | | | | |
| | | I [
| | [

-+ — — — ——— —— —

OO

7777777777777777777777777
\\\\\\\\

ol +
—90°f -t B ————

—45°

asymptotic diagrams

| zerorighthalf-plane |
-l [(erpolelefthalfplane) |
ol f
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(D) [arg(l + jwT) +arg (1 + jwI™), T € (CJ

2 1
arg (1 + jwT) + arg (1 + jwT™) = arg (1—|——§jw— — W
Wh w?
o If w—0
2 1
arg (1+—§jw——2w2> ~ arg(l) =0°
W w2
e If w— o0
( o :
| 2w o [ +180°if >0
lim arctgl 575 = 0 4
w00 —wifwy | —180°if £ < 0
o If w=wn
( o
2w, 90° if £ > 0
arg J—— =
n | —90° if £ < 0

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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) | arg (1 + jwT) + arg (1 + jwT*), T € C|

arg G(jw)

180
135°
90°
45°

OO

—45°

—90°

zen:oﬂghthalf—plane]

L (or pole left half-plane) |
~180°

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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Example 2 (contd,)

G(s)

100(1 + 10s)

s(1+2s)(1+0.4s + s?)

g=1

p =100 = pgp = 40dB
21 —0.1

p1 =0

P2 = —0.9

p3,4 = —0.2275v0.96

w, =1; £ =0.2

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

arg G(jw)

45y UNIVERSITA DEGLI STUDI

‘g\ i
\Q\ma

]

0

-300
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Example 3 (contd,)

~100(1 4 10s)

Gls) s(1 4 s)?
g=1
p=100 = pgp = 40dB
21 — —0.1
p1 =20
p2 =p3 = —1

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

% UNIVERSITA DEGLI STUDI
J DITRIESTE
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-80
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Example 4 (contd,)

arg G(jw)

Cl) — 0.1s(1 + s)

(8) = (1+5s)2(1+40.2s)(1 — 0.1s)
g=—1
p=01 — pgg = —20dB
21 = 0
29 = —1
p1 =p2 = —0.2
p3 = —9
ps =10

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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0

-20

-40

-60

-80

-100
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Example 5 (contd.) %"’ DITRIESTE

50(1 + 0.4s) arg G(jw)
(14 10s)(1 4 0.25 4 s2)

G'(s) =

50(1 + 0.4s)
(14 10s)(1+ 1.65 + s?)

G//(S) —

g=20

=950 — ugp ~ 34dB

21 = —2.5

D1 —0.1

P2z = —0.1+7v0.99 s
W, = 17 f ~01 10| R— vvvvvvvvvv vvvvvvv vvvvvv vvvvv : vvvvvvvvvvvvvvvvv vvvvvvvvvv 4444444 44444

pg,3:—0.8:|:j\/0.36 0

Wn = 1, f = 0.8 107 10" 10° 10'

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 52
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Example - Non Mlnlmun;l Phase o . R #Gés% UNIVERSITA DEGLI STUDI

G/(S) — DY I ,,,,,,,,,,, ,,,,,,

CAB AAAAAAAAAA ...... AAAAA

-22

100

T T

o

B0 e

SO0 |

CABO |

D00 | e

S2EO [

_300 = 1 i i 1 i 1 i i = i L i i 1 i 1 i o 1 i 1 i i 1 i i .
10 10 10 10
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Simple Rules for Plotting Asymptotic Bode Diagrams (@) UNIVERSITA DEGLISTUD!

N ity
“emrey

‘‘‘‘‘‘‘ 392

 Magnitude:
— initial slope: —g - 20dB/dec
— initial segment intersects the point w = 1, |u|aB
— slope changes are located in correspondence of poles and zeros:
« zero: +20dB/dec
« pole: —20dB/dec
— final slope: (nr. zeros - nr. poles) - 20dB/dec

e Phase:
— initial value: arg (u) — g 90°
— value changes are located in correspondence of poles and zeros:
 zero in the left half-plane: +90°
 zero in the right half-plane: —90°
* pole in the left half-plane: —90°
 pole in the right half-plane: +90°

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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Relationship Between Magnitude and Phase () S veRsiTA DEGLIsTUD!

 In general there is no relation between the magnitude |G(jw)|aB énd
the phase arg G(jw)
* An exception is represented by Minimum Phase Systems:
— positive gain: ¢ >0
— all poles and zeros located in the left half-plane
* For minimum phase systems there is a direct relation among the

approximate Bode diagrams of magnitude and phase:

Slope of |G(jw)lag ~ Value of arg G(jw)

pole —20dB/dec —90°
Zero QOdB/deC 90°

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 55



Polar Diagram: G(jw), w >0

|G (jw)|aB 4 ,
|G (jwi)laB

Polar Diagram of the Frequency Response

-

#ay UNIVERSITA DEGLI STUDI

2

8575 DITRIESTE

GG
Im|[G(jw)] ,
s
N g Gliw)
J Re[G(jw)
/_\

\_

/Polar and Bode diagrams are related:\
G(jw) = |G(juw)|e?*e )

J

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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Polar Diagram: Key Elements

Im[G(jw)] 4

arg G(Jjw) = 900\

larg G(jw)| = 180°

G| = 0 (—oodB)

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8
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Example 1 «\; gleilEzngTéDEGu STUDI
10 Im|G(jw)]
G(s) = °l
(1+10s)(1 + 2s)
4 »
g = 0 2
=10 = pugp = 20dB ol Re[G(jw)]
71 = 10
Ty = 2 27
w1 = 0.1
wo = 0.9 i
Y
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Examble 1 #&-% UNIVERSITA DEGLI STUDI
Xamplie 1 (contd.) %2 DITRIESTE
~ 13dB ~ 4.5 —20dB/dec

20
|Glas
0

-20

-40

RelG(jw)]
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Example 2 { iz UNIVERSITA DEGLI STUDI
G(s) 25
S) =
s? + 10&s + 25
g="0

M:G(O):l —> g = 0dB

Consider five possible values of the damping factor:

£=0.9
£ =0.7
£=05
£=0.3
£ =0.1

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8 60



Example 2 (contd.)

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

e

#&s% UNIVERSITA DEGLI STUDI
‘i@@‘ DI TRIESTE

Re|G(jw)]
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Example 3
10 10(1 4 5
G(s) = 210 _ 10U+ 55)
s(s+1) s(1+ s)
g=1
p=10 = pgp = 20dB
Ty =1/10
7'1:1
wlzl
CUQ:1O

Fund. Automatic Control, G. Fenu - T. Parisini - Part 8

m|G(jw)]

-50

-100

-150

p -’3“5 SPp

«"?“\\ UNIVERSITA DEGLI STUDI
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1RelG(jw)]

-10
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Gljw) = jw + 10 (—w+105)(1 — jw) 9 - 10+ w? %% UNIVERSITA DEGLI STUDI

jw(jw +1) B —w(1 4+ w?) - —(1 + w?) + —w(1 + w?) ‘\5_// DITRIESTE

)
(=
!
R A A

T T

10 107 -50

-100

_-1 50 1 L 1 1 1
-10 -8 -6 -4 2 0

-180
10
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Time-Delay and Frequency Response

Consider:

A 4
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time-delay = 7 >
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~ DITRIESTE

Time-Delay and Frequency Response (contd,)

Hence:

u(t) s y(t)

we are able to treat ((s) as the usual transfer function (not rational though)
with G(0) =1

Moreover, if u(t) = Asin(wt)

b y(t) = Asinjw(t — 7)] :@- A sin(wt — wr) The frequency
T —»{ J

v response result
Gjw)|  argG(jw)

holds!
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Time-Delay and Frequency Response (contd, UNIVERSITA DEGLI STUDI
Bode diagram of the time-delay block:
+|G(jw)las
G(s):=e 7° .
w
u(t) e y(t) y arg[G(jw)]
> € > 1/7 10/7
—
G (jw)las =0
180
arg G(jw) = —wr—
A
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Systems with Time-Delay Blocks (W) g veEsTApeG TUDI

]
e
Bemgrs

4 )

u(t , — |
1 G'(s) e >

N y
\G(s) = G(s) e

G(jw)] = |G (jw)| - [e77| = |G' (jw)]
1

180
arg G(jw) = arg G/ (jw) — wr—
-
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