Controle de Sistemas Dinamicos

CSD — Exercicios Cap9
Projetos de Controle no LGR

Prof. Adolfo Bauchspiess
ENE/UnB

(Material de aula Complementar)



o projeto do controlador

é feito em funcao do polo dominante
-> todas as restricbes devem ser atendidas

assumindo-se um sistema “ideal” de 22 ordem sem zeros.

especific_t2s(G,maxGr,Mp,ts,tr,tp) — .../CSD.html

g=zpk([],[-1 -2 -10],1)
especific t2s(g,3,10,4,1.8/2.5.2)

0.74 f 0.22
\ Ie ——
\ [ =
. ~ \ ‘ - tp
Algumas especificacoes \ |-
~ . / g
- nao completamente atendidas, 084 A
. i L
- outras sobre-atendidas!! polo dontinante SO/ ﬂ\ [
’ & 1
zeta = -log(Mp/100)/sqrt(pikxpi+log(Mp/100)~2) 4 : {
sigma=4/ts 6 /’ . g
wn=1.8/tr . ‘ \
wdlpi/tp Se houver mallé de um N
ponto que atende as I
i=pi/2+.01:0.01:pi-.01; x=wnxcos(i);y=wnxsin(i); especif. 7 )
plot(x,y, , ,2);hold on; 0.96 / I \
plot([-sigma -sigmal, [0 maxGr]x*1, > K]k i2) ; 1 | \
plot([-maxGr 0], [wd wd], , ,2); Esc‘olhef,o' pon:co “ ] \
plot([-maxGr @]x1, [maxGr/tan(asin(zeta)) 01x1, ; ,3) Mais préximo a \
0.99 origem ! I \
title( b : ) ; Wk —>men:0ru E \
d ’ ’ ’ : ~ \
ylabel( ), xlabel( ) — evitar saturagao I
3 24 2 1.5 1 05 \

axis([-maxGr @ @ maxGr]); axis ;
legend ( ; ’ , , )
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gs=7pk([1,[0,-1 -2 -101,1); especific t2s(gs, 2, 40, 6, 1.8)

Compensator Plant \
tr

R(s) 4 E(s) 1 C(s) | L B:E v
\ D(s) (s +1)(s +2)(s +10)

- \
\
\

Intersecao de restrigdes

Y
Y
-

) e X% . \
ESpGCiﬁC&Q()GS: mais proxima a origem \
- €5 <0.01 \\
-t<6s . Polo dominante 1
- M, <40% so =-0,6667 +j0,7453 \
-t,<18s \
cos a = 0.6667/1 \
o = 48.1871° PRVAT
Canal I: ay = 180°-/G(SY/S <0 ‘ Sig o =0,7953 = o/l T
$=-.667+)*.7453; 180-angle(1/(s*(s+1)*(s+2)*(s+10)))*180/pi [~ | ‘\
y=51.52°
b 12.265 (s+1.259) PR S
‘ D: //..0 0“
tan Qay = .7453/A — A=0.5924 => z = -1.259 S o A
¢ NORY
Condicao | | — K|DG| = 1 ’,‘p ., \
$=-.667+j*.7453; abs((s*(s+1)*(s+2)*(s+10))/(s+1.259)) O : . 's(
K=12.2655
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R(s) +

—_—

|

Compensator

g E(s)

Plant

D(s)

Y

1 C(s)
(st1)(s+2)(s+10)

Mp — sobre-atendido!

S nsicotep Response
C 0.84
eak amplitude: 1.0€

Amplitude

0.98

Time (seconds)

Especificagoes:
- €5 < 0.0 0.46
-t:<65s

- M, <40%

-t:<1.8s

Intersecao de restri¢coes
mais proéxima a origem

Polo dominante
so =—0,6667 +j0,7453

cos o = 0.6667/1
o =48.1871°
sin a = 0,7453 = /1

12.265 (s+1.259)
D=

especific t2s(gs, 40, 6, 1.8)
g s ¥ :

0.32 0.16 tr

‘\ - S‘p
\
\
\
\
\
\
\
\
\
\
\
\
\
- Lo 7
2% 5
¥ ‘
70 e \
/,,: “0’ \
/@ * s
/.: 0" \ o5
'./’: “" \\
é’ "’0 \
q *
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especific_t2s(gs, 3, 10, 4, 1.8/2.5)

Compensator Plant 90N

I
R(s) - E(s) [ C(s) \
” QQ = D(s) (s+1)(s+2)(s +10) - 3
o |

Y

\
\
) S (N S S
< I
. Intersecao de restricoess s

Especificagdes: mais proxima a origem \\ 7 :

= ess S 0.01 a

"ks4s " Polo dominante e %

M, < 10% 0 R

“t<1.825s So=—1.478 12,0163

’ * Te
/ LY ‘,’
cos = =0.5912 N,
’ \’ *e
/ N ’0’
Canal I: ¢ = 180°-/G(S)/S <0 B =53,758° N,
s=—1.478 +*2.0163; 180-angle(1/(s*(s+1)*(s+2)*(s+10)))*180/pi cos P = O/, 0=1.478 N
®,, = 138.3759° . 1 .
SN B = ho/®n ®=2,0163 \.\ b,
tan (180° - ¢ay )= 2.0163/A—A=2.2691 => z = -1.478 + 2.2691 : / N
z= 10,79 (Semi-plano direito. Fase nado-minima!!) ! N, “.‘
! 31.136(s-0.79) S\ *s, Qay

*
*

]
Condic&o | | — K|DG| = 1 . D=
5=-1.478 +j*2.0163; abs((s*(s+1)*(s+2)*(s+10))/(s-0.79)) :

*
\ *
S B *
K =31.1362
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R(s E(s
(s) + g (s)

|

Compensator

Plant

D(s)

Y

1
(st1)(s+2)(s+10)

Root Locus Editorfor LoopTransfer C rﬁu @ @ ” Q ﬁﬂ\
T T T T g T

Imag Axis

P |

Real AXis

Amplitude

Step Response

0 it From: Toy
T

d,, = 138.3759°

i} L L L L L
0 il L] 60 80 100

Time (seconds)

A4+
Pl - Instavel!!
B}

10

L

160

0.84

0.93

0.98

especific_t2s(gs, 3, 10, 4, 1.8/2.5)

\
06 0.46

Interse¢do de restrigdes
mais proéxima a origem

: W

s a&’
Polo dominante R ’ X
S0 =—1.478 +j2,0163 )

cosPp=C= 0.59/12

B =53,758°

cos = go/on 0:=1.478

sin B = Ma/on ©=2,0163
I/

I
I

I 31.136(s-0.79)
i D=

I S
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Compensator Plant
R(s) + E(s) 1 C(s)

/

D(s) [ (s +1)(s +2)(s +10) -

PID com zero duplo: ®.,/2 = 69.188°
tan (180° - ¢pa/2 )= 2.0163/A—A=1.7489 => z = - 3.2269

Condigéo | | — K|DG| =1
$=-1.478 +j*2.0163; abs((s*(s+1)*(s+2)*(s+10))/(s+3.2269)"2)
K=13.2632

Step Response

Amplitude

3 polos proximos a origem!!

Time (seconds)

~hipétese polos domin.? @"’

especific_t2s(gs, 3, 10, 4, 1.8/2.5)
\

0.6 \ 0.46 0.32 0.16 tr
Intersegao de 1>e§trig:(~)es -
074 Mais proxima a origem
\
\ PR =
Polo dominante \ " e
so=—1.478 +J2,0163 ey
N L | |
A Z
084 COS [3 = C =(0.5912 < \‘
&N
p=53758 4 Y
cos B = Od/on g21.478 '\\
: 4 X
sin 3 = md/(on/tod=2,0163 o,
0.93 .07 \
o/ [ \
0” I, \‘
o 7 \
o / \
.00 ! ‘\
0.98 .’. II \
g *, 0
0” ! \¢
o / 13.26(s+3.227)"2 \\
S Oa/2 1 PID= A
N AN
i S ‘
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PID cancelando polo em -2 (LGR leva polos em 0 e -1 p/ esquerda).

Pavz = 180°-/(s+2)G(S)/s o
s=-1.478 +j*2.0163; 180-angle(1/(s*(s+1)*(s+10)))*180/pi

¢3V2 = 62890

tan ()= 2.0163/A—A=1.0322 => z = - 2.51

Condigao | | — K|DG| = 1
s=-1.478 +j*2.0163; abs((s*(s+1)*(s+10))/(s+2.51))
K =20

Step Response

Amplitude

. 2 polos ~pr0x1mos a origem!!

s Melhora hipétese polos domin.

Time (seconds)

2.5

15

05

especific_t2s(gs, 3, 10, 4, 1.8/2.5)

3
T \ T v T I
Intersé¢do de restricdes” %4.. ——
mais préxima a ogigem : e
076 N | I _ 25
Polo dominante = -\'\ J' h
so=~1.478 +j2,0163 " R
& ; ; 7 I
- cos P = C =0.5912 ,'-{fg\ :
.0'86 | / ’ :. s : \0 |
B =353 758° A Yl
- cos [3 O/ al. 478 L \’: | 15,
Sin B = oy, ,wd-2,6163 \
’ K 1
0.94° /. r
R PR |
1o !
Iy I
s v o .
_. ;o L
oS 4§ (s+2)*(s+2 51 ): |
| 17 PID= 1.
I e I
. S
l..' - v
oD \q)avg \ 1
= -1.5 -1
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Compensador em Avanco: ¢.,= 180°-/G(S)s0

s=-1.478 +j*2.0163; 180-angle(1/((s+1)*(s+2)*(s+10)))*180/pi
1. Compensador em Avanco: ®,, = 12.1335°

s=-1.478+j*2.0163, angle (s+2) — angle(s+z) = 12.1335°
angle(s+z) = angle (s+2) -12.1335° = 75.485-12.133= 63.352°
tan (¢pav)= 2.0163/A—A=1.0118 => p = - 2.4898

Condicéo | | — K|DG| =1
$=—1.478 +j*2.0163; abs(((s+1)*(s+10)*(s+2.49)), K = 40.94

Step Response

;

Amplitude

Erro em regime permanente!

Time (seconds)

g=zpk([],[-1 -2 -10],1); especific t2s(g, 3, 10, 4, 1.8/2.5)

0.86

510985

| Es'peci%i?fa(;()

iew<001
076 ts<6s

- tr. S 18 S

Polo dominante

so=—1.478 +j2,016

0.94-

| ERRTE
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Imag Axis

Compensador em Avanco: Método da Bissetriz

s=1.478 +j*2.0163; 180-angle(1/((s+1)*(s+2)*(s+10)))*180/pi

d,, =12.1335°

s=-1.478+j*2.0163, angle (s+2) — angle(s+z) = 12.1335°

71.88 £12.1335° = 77.9458° / 65.8123°.
Tand(90-77.9458)*2.0163 +1.478 = 1.9086 = z
Tand(90-65.8123)*2.0163 +1.478 = 2.3836 = p

Condicéo | | — K|DG| =1

§=-1.478 +j*2.0163;

abs(((s+1)*(s+2)*(s+10)*(s+2.3836)/(s+1.9086))), K = 40.419

HOOT LOCUS LQITor 10r LOOP Iransrer_u

-

25 2 45 4 05 0 05

Real Axs

Step Response
0 From:r Toiy @@Q]
___________________________________________ m——
_ ........................ SRR | System: OTanser s |
06 e {101y { Sysom: OTrsor 3y |-~
 Peak ampltude: 0677 10:11o
........ !_._._._._A_._._._._.’ ioveISth ) 953 A y
| 1 System: I0Transter_r2y Seting time (seconds): 247
05 | | IAI fime (seconds): 1,68
| 0oy
! ‘ Rise ime (seconds): 0.764 ‘
| \ \
S04t ‘ | i
2 | | |
g \ | \
B | |
[ | |
02 \ \ \
|

| i
“Erro em regime! permanente!
0 a 05 ;\ 18 | 2 25 K} 35
Time (seconds)

g=zpk([],[-1 -2 -10],1);

especific_t2s(g, 3, 10, 4, 1.8/2.5) \

3 T \ e 5 T o -
0.64 05 . 0.
- \ i i
25076 . LA I —
Polo dominante -~ M R
s0=-1.478 +j2, 0163 . Y
I :
2--?---—‘-‘.-—---—'— 1 .2_
| 1 P=53758°
ogs 143 ,758 1 I
* Bissetriz: : I ,
15} 7’1“,88° i : 15
0.94- ! N, ;
1F / K : 1 AN :
¥ K] | . )
/ N | | » \‘
I/ 3 I 1 ’ \‘
05 7(;".985 ,l . 1 \
| e & G 40. 419(s+1 ‘9086)
v 3 L \
[ DaV— e —
s |5+2.3836 ﬁ (\
I
°s X m 15 -1 05 0
CSD-Exercicios_Cap9 10/14



=zpk([],[-1 -2 -10],1); especific t2s(g, 3, 10, 4, 1.8/2.5
2. Compensador em Avanc¢o-Atraso: (acrescentando atraso). . g=zp .([],[ I,1); esp _t2s(g, 3, 10, 4, o )‘_ 3
Es %64 ~ \, 0.5 ' B LGR
Condicdo | | — K|DG| = 1 -Especilicagoes: . =i B
s=-1.478 +j*2.0163; o -es<0.01 N -
40.94/((s+1)*(s+10)*(s+2.49)), K, = lim s 1/s () = 1.6442 => e, = 0,3782 o omsb<4s N — s
1/(1+Kp’) = 0.01 — Kp’'= 99 Kat = 99/1.6442 = 60.2117 -M, =10% > -
(1+Kp’) = 0.01 — Kp’ = at= : o -1, <1.8/2.5s
— Dat=(s+0.602117)/(s+0.01) Polo dominante |
2~ so=-1.478 +j2,0163 “
0.86 p
8 s
o T P Step Response 15 // ' :" o 1.5 |
; o ul0lf oo =) ,, ; S |
y iy ¢ 4T  (s+0.602117)
ey — C: / '.'&:'q)av L
' gy 100 QD 0.94° rooS s (s+0.01) 1
1r : / 0 [} ) g
‘I :. . i}
J
2.5 1 0.5 § / : : R X
‘ NG R
. 0570885 g * . L _, 05 |
/ : ~: :. Dav= - ‘. Fn, ‘\
'Erro em regime permanente! : ‘ P r
-3 ) \-{.5
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Amplitude

Step Response

PID z duplo

PIDz=-2

Av-Atr

Time (seconds)

IOTransfer_r2y
sfer\2

I0Transfer\2y: PID z duplo
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2. Compensador em Avang¢o-Atraso: (cancelando polo em -1)

Condicao | | — K|DG| =1

5=-1.478 +*2.0163;
40.94/((s+1)*(s+10)*(s+2.49)), K, = lim s 1/s () = 1.6442 => e, = 0,3782

1/(1+Kp’) = 0.01 - Kp’=99 Kat = 99/1.6442 = 60.2117

— Dat=(s+1)/(s+0.0166)

Step Response

Amplitude

Time (seconds)

especific_t2s(g, 3, 10, 4, 1.8/2.5) |

gzzpk([]a[_l -2 _10]71)>
B T \ ]
C.084 0.
Espec1%1ca(;oes:_\ - -big
25 0.76 t<4s \ . ..
- M, <10% R -
- tr S 18/25 S L
, Polo dominante 5
s0=-1.478 +j2,0163
"0.86 ' ' ’
5 .,
15F ,/ ' :' L8
Vs : -y
’ e T (s+1)
,, ‘.:&:. (i)av XDat: """""""
004 , ) % (s+0.0166) 1
‘I :: . » 5‘ 7
’ .. : "“
; I : : g ._’ ,
' _}. :. " _‘_.‘“_H .‘
I 7 Dav= - e
1 : BN
X —& R
13/14
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Amplitude

Compensator Plant

Especificacoes: e=0.01, Mp=10%, t~=4s, t~=0.72

RG) + o~ E(5) 1
'_@) " DO T 6 10)

PID: e,=0.0, Mp=19%, t=2s, t=0.485 T

Av-Atr: e=0.01, Mp=15,3%, t=4,11s, t=0.854

System: Av-Atr canc p=-1, p=-2

/O:rtoy Step Response
Peak amplitude: 1.14 om D
e — — = — = —~ — - — Overshoot (%): 15.3 . 4 I
P I_D Z_ _2 . At time (seconds): 1.96 |OTransfer_r2y
o Tt TN e N Av-Atr canc p=-1, p=-2
| - | System: PID canc p=-2 PID canc p=-2
i i I/O:rtoy
' Settlmg time (seconds): 2.09
1 -5 System: PID canc p—-2
I/O:rtoy o !
Rise time (seconds): 0.485 l ' |‘ System: Av-Atr canc p=-1, p=-2
_______ (- | VO:rtoy
i ! 1 I! System: Av-Atr canc p=-1, p=2 i Settling time (seconds): 4.11
i I i /|l VO:rtoy i
0.8 — I I i / ” Rise time (seconds): 0.854 I —
i /i i |
Lo i /o i i
i i i / i P i
' v / . . *
0.6 [ : : : / " : : : 20(3"'2) (S+251) |
T i i PID=
i/ Av- tr z=-1, z=-2 |
i i i / o i S
oal-i [l i/ i | | .
o 1/ || o I
[ I A II Il |
| ! ‘,‘" | II Il |
i1/ n N | 40.94(s+2) (s+1)
[ A || [ I
0.2 ., ' / H ' ' e —— —
i/ 1/ i i i B D 7NV —— Dat
VA i i I (s+0.0166)
- | i i | s+2.49
I fe] | Il Il |
< P | | L1l L1 ! L1 | !
0 1 2 3 5 e 7 14/14

Time (seconds)
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