Resposta em Regime Permanente

Erro em Regime: e(t—oo)

Mede a capacidade de sistemas de acompanhar sinais em regime permanente
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Resposta em Regime Permanente

Classificagdo de sistemas de controle:
tipo 0,1,2,...

Quanto a habilidade de seguir entradas:
degrau, rampa, parabola,...

k
r(t) = %1(;) & R(s) = 1 Polinémios de grau k
!

Sk+1

A 7 . 7
erro = saida desejada — saida real

e=r-y
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Erro em malha fechada

R(s) | C(s) - E(s) R(s) + E(s) C(s)
—| I(5) |b— > G(5) -
(@) (b)
Erro genérico Erro para realimentacao unitaria
R(s) + E(s) C(s) R(s) + E(s) K C(s)
— K - 3 -
(a) (b)

e finito para degrau de referéncia e = 0 para degrau de referéncia
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Erro em funcao de G(s)

E(s) = R(s) — C(s) R(s) R(s)
s . SR(s
- Bl = I + G(s) e(o0) = !?l—’mom
C(s) = E(s)G(s) |
| . s(1/s) 1
com R(s) = €(00) = esep(o0) =l == § 1T+ lim G(s)

(s+z1)(s+22) -

G(s) =
s )+ )

s—()
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Erro em funcao de G(s)

(s+z1)(s+22) -
s"(s +p1)(s+pa)--

G(s) =

s(1/s%) . 1 1

1 [ _qim SU/ST) _
Rampa: R(s)=— | €(0) = eramp(02) = I G S ssGH) [im SG (s)

ess—0 se sG(s) —o

1 s(1/s%) 1 1

Pardbola : R(s)=— 2 =e = T Ll
arabola : R(s) 3 e(00) = €parabola(00) = ELITIO 1+ G(s) EI_,O §2 + 32(“(3) llmO s2G(s)

e,,—0 se 52G(s) —w
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Constantes de Erro

1
IR !1_{1(1) G(s)

e(o0) = estep(oo)

Coeficiente de erro de posicao:

K, = lim G(s)

s—()

Coeficiente de erro de velocidade:

K, = ll_tB sG(s)

K, = !% s2G(s)

1
€ (OO) = (,ramp(OO) = m
s—()
Coeficiente de erro de aceleragao:
1
e(00) = €parabola(20) = lim s2G (s)
s—0)

...Coeficiente de erro da derivada da aceleragao

6
Complementos - Controle Dindmico — ENE/UnB Prof. Adolfo Bauchspiess




Tabela
erro x tipo sistema x coef. erro x e,

Type Typel Type2
Seady-state  Static error Matic error Static error

Input error formula constant Error constant Error constant Error
l l

Step, ulf — K, = Constant ——— K, =¢ 0 K= |

puf) 1+K, ’ vk, ’

l

Ramp, tu(f) — K, =10 X K,=Constant — K,= ()
Kl.‘ Kl'

|, l , 1
Parabola.iru(t) K—a K, =0 X K,=0 x K, =Constant K_a
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Erro em regime para perturbacoes

D(s)
Controller Plant
+ :
R(s) + E(s) Gy(s) - Gas) C(s)>
1 (2 (s)
E(s) = R(s) — D(s
&) =TT 60060 Y T 60060 2
: : s : sGa(s)
g = limsE(s) = 1 R(s) —1 D(s
A6 =ndae) = Lisee = (5)G2(s) (5) - ImI+G, (5)Ga(s) (5)
= er(o0) + ep(o0)
: 5 _ sGa(s)
4 =1 R(s 4 = —1 D(s
er(%0) = im0 X&) | | ep() = — I G 9 Gy P

8
Complementos - Controle Dindmico — ENE/UnB Prof. Adolfo Bauchspiess



Erro em regime para perturb. (cont.)

D(s)
Controller Plant
++ C(s)
G(s) Gs(s) >
Plant
D(s) + Go(s) —E(s,)>

(;ﬂS) |

Controller

Perturbacao como “entrada” do sistema
9
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D(s)

ep(o0) = —

1

lim —
S—A)(?z(S)

+lim Gy (s)

s—()

Boa rejeicao de perturbacodes

ocorre com G, I ou G,

Integrador em G; = ep(°°)=0




Multiplas perturbacoes

w
0 Wi W»o

Controlador Processo
r K (sT, +1)(...) Ky (sT, +1)(...) @ Y
) OT s (T +1)(...) _’O > s"2(sTy +1)(...)

- “Rejeicao: Devem haver integradores a esquerda da perturbacao”

- O sistema é do tipo 0, n1, (n1+n2)
em relacao as entradas de perturbacao wy,w; e w,

- Perturbacdes na entrada (w;) ndo sao rejeitadas,
pois nao é possivel distingui-las da entrada r



Realimentacao nao unitaria

C(s)

C(s)

a) Calcular Direto 200 G 5RO 6y .,
C(s) __ 61(5)Ga(s) -
R(s) 1+ Go()Hi(s) )
E(s) = R(s) = C(s)
_R(s_)+H > E4(s) G(s) Cls) R(s) + <\ Eqls) G(s)
_ 61(5)G2(5)R(s) i git
E(S) = R(S) - 1 G H Il'\
+ Z(S) 1(5) H(s) |= ‘."‘-.‘ “—1 H(s) |=
G1(5)G,(s)
E(s)=|1—- R(s — ! I
) ( T+ )
(b) (c)
b) Rearranjo do Ro) +nEds) | Cls) R(s) 1R E(s) G(s)
diagrama de blocos gg\ o Ny 1 + GWH(s) - G(s)
\— H(s)—1 |=
(d) (e)
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Realimentacao nao unitaria

C(s)
L

D(s)

R(: P

©) § G,(s) ié. Ga(s)
H(s) |=

G1(s)Ga(s)

s s—()

e(o0) = limsE(s) = lim s{ {l

L+ G1(s)Ga(s) H(s)

] R(s)

Gals) |
- [1 F GO GOH G )D(“)]}
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Exercicio Extra 1- e,

Wi
Controlador Motor

)

r
Ks +1 1
> —»( ) >
; s S+

Sensor

2

> —e—>

s+2

Preencha a tabela (K=1).

Entrada\ r W W,
Sinal
Degrau 0 0 0
Rampa -1/2 -1/K 0
Parabola -00 00 -1/K
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Ex. Extra 1- e,

B Yy G K(s+2)
e=r—J) R~ s2(s+2)+2K
ey = liH(l) s(R — GR); erro considerandor (w = 0).

S—
(r degrau)
T 1 K(s+2) 1) _
Cra = Ll—{r(%s (s s2(s+2)+2K s) e
(r rampa)
Y 1 K(s+2) 1)\_ .. s2(s+2)+2K-K(s+2) 1\ _ . s2(s+2)—sK 1
Crr = !Sl—r}(} S (52 s2(s+2)+2K 52)_ !51—{% S ( s2(s+2)+2K 52) B ll—{% S (52(s+2)+2K 52)

Y s2(s+2)=sK 1\ _ . s2(s+2)=sK 1\ _ .. s(s+2)-K \_
B ?E% S (52(s+2)+2K 52) B Ll—{% (52(s+2)+2K s) B l‘% (sz(s+2)+2K)_ -1/2

Obs: 7 —» c0; y —» o0; poréme = r—y  éfinito!

(r parabola)
e —lims(l— K(s+2) 1—)— 0
"™ s50° \s3  s2(s+2)+2K s3 >
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Ex. Extra 1- e,

r=0e=r—y;

e Y s(s+2)
w1 = MM Sy Wy; W, s2(s+1)(s+2)+2K(s+ 1)
. s(s+2) 1_
Cwid = l‘i%s s2(s+1)(s+2)+2K(s+1) s =0
s s(s+2) 2 -
Cwir = l‘l%552<s+1)(s+z)+zx(s+1) 1/s%=1/K
Y s(s+2) 3_
Cwip = ll_r)%ssz(s+1)(s+2)+21<(s+1) 1/5 -
e Y s?(s+1D(s+2)
ewz = UM Sy, Wa; W, s2(s+1)(s+2)+2K(s+1)

— 1im s? (s+1)(s+2) 1
€w2d = Sl_>0 S s2(s+1)(s+2)+2K(s+1) s

L s% (s+1)(s+2) 2 _
Cwar = lg%ssz(s+1)(s+z)+21<(s+1) 1/s7=0

— 1im 52 (s+1)(s+2)
€wap = 51_)0 S s2(s+1)(s+2)+2K(s+1)

1/s3=1/K



Exercicio Extra 2- e,

. . A 7.
Considerando os sinais de referéncia e
perturbacao mostrados no grafico, ]
obtenha o erro em regime permanente /
ra:
para i /
K: = 0,1*dltimo digito matricula + 1; /
K, = 10*penultimo digito matricula + 1; 4 /
; /
r
w smmpun W
2
Controlador PI Processo
r Y
K s+K;
4,@_> p i _>O_> s+ 2 > 1
- ol s+1
0 =====...
5 ........
s+5 1 I ....'l....
Sensor 1 0 1 2 3 4
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Exemplo Extr3 - e,

cope
s+39/12
s

ranster rcn ransfer Fcn1

Transfer Fcn2

5

s+5
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Exemplo 3 - e,

erno
o

-0.02

-0.04

-0.06

-0.08

6 — Resposta completa: I
5 5 1 1 —

o (t—=o)=y +y, =2+—t1(t-2)-—+———— _— B
e Y Iy 3 6K, 3 4K, _— |
o seee-due-e -2 00 _— 131
. I e(t — )= =

S — 12K 3
o) 0.5 1 1.5 2 t/[;%] 3 3.5 4 4.5 5
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