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Sistema 1 polo real simples, exemplo:

G(s) =

S+ dad
Im{s}

Re{s}

Obs.: y(co) = Iim y(¥) = lim s - Y(s).

— 00 s—0

Obs.: &£~ { ¢ } = (1 —e™).
s(s + a)

—Resposta ao Impulso:

Y(s) = o(s) - G(s)
y(1) = 3_1{5(5) .G(s)l=1-A- o0t

Ex.: Y(s) =

s+ 1/2
>> fplot(@(t) 2xexp(-0.5%xt), [0 8])

—Resposta ao Degrau:

Y(s) = U(s) - G(s)
() (52) =
Y(S) — — —
) s+ a s(s + a)
y(1) = Z7HU(s) - G(s)}

A —at
y(t)=;(1—e )

1
Ex.: Y(s) = — -
s s+1/2

>> fplot(@(t) (2/0.5)*x(1l-exp(-0.5%t)),

Respostas de Sistemas de 1a-ordem

No plano-s (“mundo continuo”):
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Sistema 1 polo real simples, exemplo:

G(s) =

S+ a
Im{s}
)( >
0 Re{s}
—a
4 Im{z}
&" .~~ b=€_aT
Y \
y: .
’ Y
1
] .
' 0 (z)
! Re{z
\‘ b y
. ’
. ¢
~~. ‘f’

Ex.: Y(s) =
(5) s+ 1/2
T=0,5 segundos:
0,8848
BoG(z) =
(z —0,7788)
Matlab:
> G=tf(2,[1 1/2]);
>> zpk(G)
2
(5+0.5)

Continuous-time zero/pole/gain model.

>> T=0.5;
>> BoG=c2d(G,T);
>> zpk(BoG)
0.8848

(z-0.7788)
Sample time: 0.5 seconds
Discrete-time zero/pole/gain model.
>> figure; impulse(G,'m--', BoG,'b-')
>> figure; step(G,'m--', BoG,'b-")
> a=1/2;
>> b=exp(-a*T)
b = 0.7788
>>

—Resposta ao Impulso:

—Resposta ao Degrau:

—
o

Amplitude

0.5

Amplitude

No plano-z (“mundo discreto”):
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No plano-s (“mundo continuo”):

Sistema 1 polo real simples, exemplo:

G(s) =

S+ a

—Resposta ao Impulso:

y(f) = g_l{é(s) .G(s)}=1-A- o0t

—Resposta ao Degrau:

A —at
y(t)=z(1 — ™)

Obs.: y(co) = Iim y(¥) = lim s - Y(s).

— 00 s—0

Obs.: &£~ { ¢ } = (1 —e™).
s(s + a)

Imaginary Axis (seconds™)

Exemplo:

G (s) 1/2
S) =

: s+ 1/2

GH(s) =

25) s+ 1

Ga(s) =

3(5) s+ 2
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Exemplo:

Gy(s) =

G,(s) =

Gi(s) =

1/2

s+ 1/2

\)

+ 1

s+ 2

Imaginary Axis (seconds™)

Pole-Zero Map

-

Amplitude

X X
Exemplo:
G T = 0,5 segundos
—gg 1 BoGi(z) = 0,2212
; Real Axis ;imndg-h k ’ 1 z—0,7788
Step Response BoG,(z) = 0,39347
z — 0,6065
BoG(z) = 0,63212
(z—0,3679)

Time (seconds)

Imaginary Axis

y

T=0,5 —

0.5

o
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No plano-z (“mundo discreto”):
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Fechando Malhas de Controle




Pdlo de MF:

Respostas de Sistemas
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kT)=1-(0.001)"
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Respostas Transientes

Casos de polos reais simples

. Plano z
1.5
Obs.:
k1 « 0.5
Z{a'} = 1 - ==
2 A A , 5 )
. |l -« b— O— f 0
— A :
—a A —0—p1
05+ | A . | . —n—pz ~
(a — e—aT) ¢ _e_p3
A -0.5
,: ] 1 ] 1 ] ]
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-|1 -OI.5 0 0.15 1
(a) Respostas ao degrau. (b) Polos no plano-z.



Casos de polos reais simples

Respostas Transientes

Caso 2
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Respostas Transientes

Casos de polos complexos (0 < ¢ < 1)

Obs.:

VA {e‘“kT sin(a)kT)} =

ze ' sin(wT)

7?2 —2e~z cos(wT) + e=241

|m{Z} A
5 .
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Respostas Transientes

Casos de polos complexos (0 < ¢ < 1)

Obs.:

Z { e~ cos(wkT)} =

7[z — e~ cos(wT)]

Pole-zero location

Inverse z transform

Pole-zero location

Inverse z transform

7?2 —2e~z cos(wT) + e=241
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Paralelos entre plano-s x plano-z

(Mesma parte real - polos complexos)

J®
s - plane

Unit Circle
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Paralelos entre plano-s x plano-z

(Mesmo ¢ - polos complexos)
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Paralelos entre plano-s x plano-z

(Mesmo w, - polos complexos)

05

Unit Circle
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Paralelos entre plano-s x plano-z

:-plane y(8) wlane y*(t) s-plane y(0) z-plane
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1(z)

\)

—3

Detalhes plano-z

Ref.: ENB458 lecture 3: Welcome to the z-plane, Peter Corke, 17 Spet 2022 [https:/youtu.be/zblgvA700-k]

— 1(2)
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https://youtu.be/zblgvA7O0-k

A

Polos Dominantes

(No plano-s e no plano-z)
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Analogico: plano-s

Sistema de Controle

Diagramas de Bloco tipicos

Digital: plano-z

9 anfcrence
equahons

G(s)

—

_t

—

:
s

+—O y(1)
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Sistema de Controle

Diagramas de Bloco tipicos

Digital: plano-z

Digital controller

e(kr)

Difference
equations

u(ke)
————

il

-

D/A and
hold

u(r)

Clock

.

4 A/D

Sampler

é}géf v(1)

Exemplo:

Yr 4+ C T T>$_*

Bo(s)

s(s+1)

G(s)
e(kT) u(kT) ){ 1 vy Y
s (C(z > Bo(s >
\—_
—
BoG(z)
N Planta
ZOH S) y
rkT) + e(kT) u(kT) 1 y(t
C
4>Q—> (Z) ;{ —> Bo(s) > 8(5 n 1)
- \—_
—
BoG(z)

Sistema

Digital
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Sistema de Controle

Diagramas de Bloco tipicos

Bo(s)

G(s)
U Y
Yr t@e(”f N I KD, SR Bo(s) |—|—— ¢
_ T T s(s+1)
- — o J
BoG(z)
N Planta
ZOH €16 y
r(kT) + e(kT) u(kT) 1 y(t
C — B
- — ),
AV
y(kT) z< BOG(Z)
y, T

Sistema Digital
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Sistema de Controle

Equacao de Diferencas

Exemplo:
K(z+ a)
Digital: plano-z C(z) =
J P (z+ D)
Digital controller Saida (sinal atuador, de controle): u[kT] = ?
(1) O—J{ e(k1) | Difference m D/A and | u(1) — C ' | U(Z) — E(Z) . C(Z)
T rikt) equations hold ks A —1
Uz Kiz4+a) z
f I C(z) = —= = - —
Clock E(z) (z+b) =z~
T Sampler e Uz) K1 +az™"
ap (B ¥() . E@ ~ (1+bz )

Uz)(1+bz7") = EQK (z+az™")

U(z) = EQK (z+az™") = bz7'U(z)

T Lembrando que: z7'F(2) = flk — 1] (uma amostra atrasada):

ulkl =K -elkl+ K-a-elk—1]—b - ulk — 1]
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