) Passold
ca / UPF
a10/2020



y

/

Resumo

Parte I:

e Propostas de "novos” controladores:

o PI + ceros:

K Kl(
Cls)=K +—==

S+-—=2
1

<

S

S

<& Zero proximo do polo

< Pé6lo na origem

Vantagem: e(o0)=0, Desvantagem: resposta + lenta

 Por atraso de fase (Lag Compensator):

C(s) =

K(s+z,)

(S+p.)

< par polo-zero
proximo da origem

Vantagem: Resposta + rapida, Desvantagem: e(0)=#0



/ e o L
Contenido Parte ||
Controlador PD

e Melhorar respostas transitoria
e Controlador D ideal

e Vantagens

e Desvantagens

Controlador por Avanco de Fase (Lead Compensator)

e Parte III...



ldeias para melhorar Resposta Transitoria

Formas de melhorar:

Compensador PD (Proportional-plus-Derivative
Controller)

e  Acrescentar um diferenciador puro na malha direta para
compensacao derivativa ideal (rede ativa)

e  Projetar uma resposta que respeita um valor desejavel de

sobressinal, com menor tempo de assentamento (  ts = settling
time)

Controlador por Avanco de Fase (Lead Controller)

e  Realiza diferenciacdo aproximada usando rede passiva
(acrescenta um zero e um polo distante na malha direta)



/ .

Compensacao Derivativa Ideal (PD)
C(s)=S+2,

* Selecdo adequada da posicdo (do zero) para garantir resposta + rapida
* Modifica RL!

* Exemplo:
Planta> G(S) = A
(s+1(s+2)(s+5)
K(s+2)
C(s)G(s) = e
(s)G(s) (s+1)(s+2)(s+5) < Zeroem z = -2
Propostas de K(s+3)
Controladores > C(s)G(s) = < Zeroem z=-3
PD (s+1D(s+2)(s+5)
K(s+4
C(s)G(s) = = <& Zeroem z = -4

(s+D(s+2)(s+5)
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~ Compensagdo Derivativa Ideal (PD)

Jo
K
G(s)-
(s+1)(s+2)(s+5) 16
=04 s
- j4 s-plane
i3
-0.939 + 72151
K=2372 172
Third =L
] 113.6°
StV S . 7
& =5 A =3 =2] =l .
X = Closed-loop pole
X = Open-loop pole
- i
& =04 .m_
34 j6.874 i e
K=51.25 ;
46
— jﬁ
K(s+2 17
C(9)6(s) - K6+ i
(s+1(s+2)(s+5) i3
i3
- jl
= 113.6°
. 5 ! \H \ e
gL =8 =g o 2 ®

X = Closed-loop pole
X = Open-loop pole

Jus»
'Y
-7
&= 04
56
—2.437 t j5.583
K~ 35.34 e
K(s+3 i
C(s)G(s) = 69 s
(s+1)(s+2)(s+5) N
— }2
'rhilrd 2 /! 113.6°
N ;
'l x '903(—{) w s
-6 -5 . == = )= =
X = Closed-loop pole
X Open-loop pole
o
A
47
=04
6
|
—1.869 + j4.282 P4 1
K(s+4 K =20.76 e
C(s)G(s) = ) ol
(s+1)(s+2)(s +5)
- j2
Thirg L e
—l—)(:;,(f{) ! \ .a.
-6 -5 —4 =3 5 -1 2

K = Closed-loop pole
X = Open-loop pele

PR N




- Compensacao Derivativa Ideal (PD)

J@
3 -
. K 4, =
(S+1)(S+2)(S+5) j6 —2.437 t j5.583
K = 35.34
=04 ds
K(s+3
- Jj4 s-plane C (S)G (S) = ( )
(s+1(s+2)(s+5)
i3
0.939 + j2.151 :
K=23.72 1/2
f | hncx
Third a1 4 pole
pole \\'“36 —Tx———l-x—of
¥ % . L B3 3 = =5 ~4 -3
-5, =3 —4 -3 2 l =1 o X = Closed-loop pole
X = Closed-loop pole X — Open-loop pole
X = Open-loop pole
Conclusées:
dhs 1) Partesreales + negativas
3 +j6.874 B Ed =04
R 5125 ; 9 \L ts \
- J6
415 —1.869 + j4.282
K(s+2 J (R K K =20.76
C(s)G(s) = 5+2) il C(s)G(s) = (5+4)
(s+1)(s+2)(s+5) _,.3 (5+1)(5+2)(s+5)
— _/2
& Thilr
17 i polc
! x . \® X \' A - 6 5 3 13
-6 =3 = -3 =2 -1 0 X = Closed-loop pole

X = Closed-loop pole
X = Open-loop pole

Jus»

'3

A7

J6
Js

F4 s-plane

J4 s-plane

X = Open-loop pole

PR AN




- Compensacao Derivativa Ideal (PD)

Jus»
J@ 4 5
o O
G(S) = K "lﬂ &= 04 "
(S+1)(S+2)(S+5) j6 —2.437 t j5.583 *
K = 35.34 s
=04 ds K 3
S+ ‘4 s-pl
L s C(s)G(s) = (s+3) i
(s+1(s+2)(s+5) IE
i3
0.939 + j2.151 : 2
K=23.72 172
Third | Sl T
Third HJl pole \ O
c [T 113.67 — L ———e— o
p(\,‘:l PR S— MV . R 4 -8 =4 =3 ' =2 | -1 0 7
-5 = -4 =3 2 l = O X = Closed-loop pole
X = Closed-loop pole X — Open-loop pole
X = Open-loop pole
Conclusoes: 2
{=04, v 2) Mismo { = OS% =%
3 +j6.874 3 147 =04
K=51.25 , J6
4 j6
e
143 —1.869 + j4.282 » |
i . 4 s-plane
C(s)G(s) = K(s+2) o C(s)G(s) = K(s+4) K = 20.76 J p
(s+1)(s+2)(s+5) 75 (s+1)(s+2)(s+5) 44
J2
4 /2
i Thir | i1 Va8
\ "J‘\ 113.6° _l_x_f;,(l:( > 1 \ -O'
; x . R——X - 3 5 4 3 0
—6 —> e -3 2 -1 0 K= Closed-loop pole

X = Closed-loop pole
X = Open-loop pole

X = Open-loop pele

PR AN



- Compensacao Derivativa Ideal (PD)

Jum»
'
— J7

J6
F5

F4 s-plane

s-plane

J@©
K ! &=
G(s) = 177 *
(S+1)(S+2)(S+5) 76 —2.437 1 45.583
K~ 35.34
£=04 45
’ ’ C(s)G(s) K(s+3)
- j4 s-plane =
R (s+1)(s+2)(s+5)
i3
0.939 + 2,151 l \
K=23.72 72 L
Third a1 4 'u!-.l;ll..tl
pc\\‘lc‘ . ' , ” L \\' 113.6 ,—;(,3 ,--)(__,__.L_)(_‘< = —C:: =t
"—6 —’; -4 -3 ’3 l :‘l o X= (Tlnm‘&;‘l-loop pole )
X = Closed-loop pole X — Open-loop pole
X = Open-loop pole
Conclusoées:
Jgi v 3) Maiores partes imagindrias
3 +j6.874 y 147 9 \L d . =04
K-51.25 | t, (tempo de pico) \
- J5 —1.869 + j4.282
K(s+2 [ K(s+4 K =20.76
C(5)6(s) = L+ e (56(s) = — o)
(s+1)(s+2)(s+5) . (s+1)(s+2)(s+5)
— JZ
& Thilr
\ A‘J‘ 113.6° _a_)(_.?:(:( > I
* x : R——XK \ - 6 5 4 3 )Ez
-6 -3 —4 -3 -2 -1 0 * = Closed-loop pole

X = Closed-loop pole
X = Open-loop pole

X = Open-loop pole

PR AN




Compensacao Derivativa Ideal (PD)

Jum»
'
— J7

J6
F5

F4 s-plane

J4 s-plane

113.6°
.

Jw
G(S) = K ‘l.l7 &= 04
(S+1)(S+2)(S+5) j6 —2.437 t j5.583
K 3534
&=04 /5 K 3
S+
- j4  s-plane C (S)G (S) = ( )
(s+1D)(s+2)(s+5)
i3
0.939 + 52.151
K=23.72 172
Third
Third 71 {iiiae pole
N\,‘:l . % : ' Hem = R c -6 -5 -4 -3
—6 =" —4 -3 -2 l =] 1] X = Closed-loop pole
X = Closed-loop pole X — Open-loop pole
X = Open-loop pole
Conclusées:
- ) uanto mais afastado esta o zero dos
- 4 :
ssigaini polos dominantes =» os polos de MF se r=04
K=51.25 movem mais proximos dos polos ndao \
compensados (de MA).
—1.869 + j4.282
K(s+2 . = K = 20.76
COEBE) = D) P (e = et
(s+1)(s+2)(s+5) (s+1)(s+2)(s+5)
— J’l
: Thir
HJ Ic
\ ‘J‘ 113.6° 1 x_p(;( 'S 1
. 3 . 2% X \ - O 6 5 4 3 )Ez
-6 -5 -4 -3 =2 -1 0 X = Closed-loop pole

X = Closed-loop pole
X = Open-loop pole

X = Open-loop pole

PR AN
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ﬁensagéo Derivativa ldeal (PD)

Amplitude

Step Response

| | |
12 Ceroen -2
Ceroen -3
1 4/{// Cero en -4
08 | T
06 |- /
/ Conclusoes:
04 |/ 1. Partesreais + negativas
,’ > tg;
0.2 - / Sistema no Compensado 2. Mesmo = = 0S%;
/ 3. Maiores partes imaginarias
o | | | | | :
: = 5 o ; = > t, (tempos de pico) ’
Time (sec) 4. Quanto mais afastado esta o
K zero dos polos dominantes =
Planta = S e e os polos de MF se movem mais
proximos dos polos ndo
K55 9) o compensados.
CEICE) = D+ 2)575) < Zeroem z = -2

Propostas de cE)6() = K6+ & Zeroem 7= 3 Vantagens principais:

Controladores = (s+1)(s+2)(s+5) 2 * Menores t,,

PD CEBEE St & Zeroem z= -4 * Menores OS%.

(s+1D(s+2)(s+5)
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/ Com»pensagéo Derivativa Ideal (PD)

4 E(s) K Y(s)
. R(s) '
Outro exemplo: o ) Ts(s+4)(5+6) ‘

o Requisitos: %0S <16%, 3 x ¥ t,
e Solugdo:

1. Descobrindo { desejado:

1 >> num=1; .
| >> zeta=(-1log(16/100))/(sqrt(pi*pi+(log(16/100))"2)) !
_ —In(%0s /100) - ana .
Jr+im@os/00) 0% | e.se3s
i >> den=poly ([0 -4 -6]);
| >> g=tf(num,den);
| >> zpk(g)
» Zero/pole/gain:

4

e
L >>



ompensacao Derivativa ldeal (PD)

i E(s) K Y(s)
. . R(s) '
Outro exemplo: o ) Ts(s+4)(5+6) ‘

o Requisitos: %0S <16%, 3 x ¥ t,
e Solugdo:

2. Verificando RL original... S e
' ' ' ' ' o504 [
| >> zpk(g) ; o
' Zero/pole/gain: l g
-------------
s (546) (s+4) . 5 o
i >> rlocus(g) : > i
. >> sgrid(zeta,0) E = &
PR Rt o A G s P B 3]) |
2k g
3 : i
o s g s S0 hgL, e

Real Axis



~Compensacao Derivativa Ideal (PD)

i E(s) K | Y(s)
s(s+4)(s+6)

* Qutro exemplo: R

o Requisitos: %0S <16%, 3 x ¥ t,

% Root Locus
e Solugdo: 3 S
0.5Q_4
3. Descobrindo K necessdrio...
2r 5
i >> [k,poles]=rlocfind(g) i E
i Select a point in the graphics window_é 1r :
' selected_point = % -
| -1.2156 + 2.0031i &
= £ 0 L R—
. 41.6859 g
' poles = e ;
-7.5532 :
-1.2234 + 2.00561 | ;
-1.2234 - 2.0056i L -2f
DD |
5 : ;
-9 8 74 -6 B 4 3 0 1

Real Axis



~

N, i

" “Comp

ompensacao

Outro exemplo:

R(s)

Derivativa Ideal (PD)

g E(s) K | Y(s)
s(s+4)(s+6) l

e Requisitos: %0S <16%, 3 x ¥ t,

° SOIUC&O.’ 3 Root Locus
4. Acelerando o sistema: ¥ t, | | 0.504
; Respectando
T : deseado
-7.5532 ot original!
| -1.2234 + 2.00561 | ol
i -1.2234 - 2.0056i1 i 2
5> Ts—g/real(-poles(2)) © | A I I S
= | 4 5
i 3.2606 . Ts=— C_EU
. >> Ts=4/real(-poles(2)) (o 1k poles ——o. + jW DC('[)
| Ts = ' : :
: 3.2696 — 'A\e_o_dt coslw. —
| > newTs=Ts/3 Ao ( d ¢)
| newTs =
1 @899 \ | 3 r r r r r r 0r504
>> Novo ¢; e e e

_______________________________________

Real Axis




~Compensacao Derivativa ldeal (PD)

R(s) g E(s) K | Y(s)
* QOutro exemplo: s(s+4)(s +6) ‘
* Requisitos: %0S <16%, 3 x  t,
. SOlung: Root Locus
5. Descobrindo a nova posig¢do 3 : : : : : :

do polo de malha fechada para o novo t,

2ﬁ
i newTs = E 1- 0=59.74°
| 1.0899 ' o
| >> newsigma=4/newTs Novo o para g
| newsigma = / |
s 670 0 Nuevo t,! % 0
i >> theta=acos(zeta) : ©
| theta = 4 4 E
i 1.0427 T, = = -
i >> theta*180/pi Oy é’Wn
| ans = .
(0597438 é’ — Ccos @ -2[
s

-9 -8 -7 -6 -5 -4
Real Axis

w



~Compensacao Derivativa Ideal (PD)

+

* Qutro exemplo: i

* Requisitos: %0S <16%, 3 x  t,
e Solugdo:
5. Descobrindo a nova posi¢do

do polo de malha fechada para o novo t,

>> newomega=newsigma*tan(theta)
newomega =

6.2918
>> hold on;
>> plot([-newsigma
0.2],[newomega newomegal],'b:"')
>> plot([-newsigma -newsigmal],|[-
newomega newomegal], 'b:"')

Imaginary Axis

40
Ponto desejado no RL! /

Mas este lugar esta fora do RL...

15

E(s)

K Y(s)
e
s(s+4)(s+6) l

Root Locus

=,
HS




- Compensacao Derivativa Ideal (PD)

R(s) —
* Outro exemplo: -

e Requisitos: %0S <16%, 3 x ¥ t,
e Solugdo:

6. Determinando a posi¢do

desejada para o zero do PD:

D Z(s—c)—= ) Z(s—p;)=+180°(2i +1)

E(s K Y(s
(s) | v
s(s+4)(s+6) ‘
Ponto desejado
no novo RL
RootLocus
0504
-3.6702 +j6.2918 //,' \
VALY
/ I
/ I
/ I
/ I
/ I
/ I
{ !
/ I
/ I 2
/ I 0
I i
, —
/ 1]
|

| A/epl

Real Axis

o




6. Determinando a posi¢do desejada para o zero do PD

/iz(s—ci)—ZA(s— p;) ==180°(2i +1)

7 m n Ponto desejado

>>th_pl=atan2(newomega,-newsigma) no novo RL!

th_pl=
2.0626
>>th _p1*180/pi
ans =
118.1757
>>th_p2=atan2(newomega,4-newsigma)
th_p2 =
1.4710
>>th p2*180/pi
ans =
84.2838

Root Locus
>>th_p3=atan2(newomega,6-newsigma) - //

th_p3 =
1.1749
>>th_p3*180/pi
ans =
67.3164
>>sum_th_p=th_pl+th_p2+th_p3
sum_th p=
4.7085
>> sum_th_p*180/pi
ans =
269.7759
>>

Real Axis



6. Determinando a posi¢do desejada para o zero do PD

/22(3—@)—24(3— p;) =180°(2i +1)

g m n Ponto desejado

>>th_pl=atan2(newomega,-newsigma) no novo RL!

th_pl=
2.0626
>>th _p1*180/pi
ans =
118.1757
>>th_p2=atan2(newomega,4-newsigma)
th_p2 =
1.4710
>>th p2*180/pi
ans =
84.2838

; ; Root Locus
| | I
i | I
i : I
| i I
: i !
| | i
| >>th_p3= i 1 3F ¢ !
: _p3=atan2(newomega,6-newsigma) / I
| i [
! ! !
i | i
i | I
i | I

th_p3 =
1.1749
>>th_p3*180/pi
ans =
67.3164
>>sum_th_p=th_pl+th_p2+th_p3
sum_th p=
4.7085
>> sum_th_p*180/pi
ans =
269.7759

e
Real Axis



6. Determinando a posi¢do desejada para o zero do PD

>>sum_th_p=th pl+th p2+th p3
sum_th p=
4.7085
>>sum_th_p*180/pi
ans =
269.7759
>>
>>th_c=sum_th_p-pi
th_c=
1.5669
>>th c*180/pi
ans =
89.7759
>>

Determinado o ponto &
para o zero do PD!

--

Root Locus /
7 |

vvvvvvvvvvv

Ponto desejado
no novo RL!

0504

"
6 _3.6702 +6.2918 — "1 \
i

/ \
5¢ PR IR
;N \
/ | \
4 / I
/ I
/ I |
3r / I
/ I
27 // I
, | 1<~0c=89.8°
/ I

/

[EEN
T
~
™~
PA

p3:67.30 ,&:\ep2:843
I

/w o

T
Real Axis
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6. Determinando a posi¢cdo desejada para o zero do PD Ponto desejado

no novo RL!
Root Locus
7 T T T

o 0504 .~ | |
: = tan|180° —89.7759° »
3.3702 —sigma ( )6 ~ -3.6702 +j6.2918 //. b
i

_________________________________________________ / \
>> sigma = newsigma - ( newomega / St / "
i tan(pi -th_c) ) : //
' sigma = e /
| 3.3948 4
b e 3l / |
7 I
El PD se queda: | K |
/
C(s) = K(5+3.3948) K ,'
1 0

y: I ///<\p3:67.3° :'
0 |
el K (s +3.3948) -
s(s+4)(s+6) | | | | ‘ R |
-8 -7 -6 -5 -4 -3 -2 -1 0 s
Real Axis




~Compensacao Derivativa ldeal (PD)

R(s) g E(s) K | Y(s)
* Qutro exemplo: _ s(s+4)(s +6) ‘

e Requisitos: %0S <16%, 3 x ¥ t,

e Solugdo: Root Locus
I 0'§Oh*~.. -
C(s) = K(s+3.3948) | 3 |
C(s)G(s) = K(s+3.3948) | -3.6702 + 6.2918
s(s+4)(s+6) . S

Imaginary Axis
o
E

7. Verificando o RL final...

-10

]

_15 [ [ [ [
s i -6 -4



/ Corhpensagéo Derivativa Ideal (PD)

R(s) g E(s) K(S+G) _ Y(s)
Outro exemplo: _ s(s+4)(s +6) ‘

e Requisitos: %0S <16%, 3 x ¥ t,

s Solucdo
>> num2=[1 sigma];
C(s) =K(s+3.3948) 2 deneden;
i >> cg=tf(hum2,den2);
K (s +3.3948) e
C(s)G(s) = s .
S(S S 4)(3 7 6) | Zero/pole/gain:
i (s+3.395)
7. Verificando o RL s (s+6) (s+4)
final e K necessdrio...
L >>

>> figure(3);rlocus(cg)

________________________________________________________



~Compensacao Derivativa ldeal (PD)

R(s) g E(s) K(S-I—G) _ Y(s)
* Qutro exemplo: : s(s+4)(s +6) ‘

e Requisitos: %0S <16%, 3 x ¥ t,

° SOIUC&O.‘ - L L L Root Irocus ‘
C(s) = K(s+3.3948) ol
C(5)G(s) = K(s+3.3948) l
S(s+4)(s+6)

Imaginary Axis
(@)

7. Verificando o RL
final e K necessdrio...

10+~

-15
-7

Real Axis



~Compensacao Derivativa Ideal (PD)

. E(s) K(s+o Y(s)
* QOutro exemplo: R® (Sto) | Y

g s(s+4)(s+6) l

e Requisitos: %OS <16%, 3 x  t, -
oot Locus
e Solugdo: : : L : : : :
0.504
7. Verificando o RL
final e K necessdrio... 5r 1

+ >> figure(3);rlocus(cg)

| >> sgrid(zeta,0)

' >> axis([-71-7 7])

: >> rlocfind(cg)

Select a point in the graphics window
' selected_point =

| -3.4076 + 5.7174i

ians=

| 42.0068

>>

Imaginary Axis
o

e e | Real Axis



~Compensacao Derivativa Ideal (PD)

* Outro exemplo: &) e thie) | e
s(s+4)(s+6) ‘
e Requisitos: %0S < 16%,
3 X ‘L ts Step Response
~ 1.4 L [ U L L T
e Solugdo:
e Comparando 12
respostas... K=42
1.. ................................ azzzzeesas
e e e e ©
. >> tf1=feedback(43.35%g,1); 3 e
| >> tf2=feedback(42*cg,1); g
>> figure(4);step(tf1,tf2) < 0.6 :g%compensado
: >> legend('no compensado','PD")
S>> 0.4
0.2
0

0 0.5 1 1:5 2 2:5 3 3:5 4 4.5 5
Time (sec)



~Compensacao Derivativa ldeal (PD)

E(s) K(s+o) | Y
s(s+4)(s+6) ‘

* Outro exemplo:

e Requisitos: %0S < 16%,

3 X \L ts Step Response

~ 1.4
e Solugdo:
e Comparando 12
respostas... K=42
1.. ................................ azzzzeesas
e ) 3 08
+ >> tf1=feedback(43.35*g,1); b=
. >> tf2=feedback(42*cg,1); f_El
| >> figure(5); ltiview(tf1,tf2) LoUor — compensado
: = PD
———————————————————————————————————————————————————————— 0.4
0.2
0

0 0.5 1 1:5 2 2:5 3 3:5 4 4.5 5
Time (sec)



- Compensacao Derivativa Ideal (PD)

Step Response

* [deia original: A
e Melhorar (acelerar) a resposta transitdria
* Realizagdo mediante Controlador derivativo (PD):  * = ' * Wwiea” * 7 %

e Desvantagens:

. Requer circuito ativo para realizar a diferenciagdo;

. Diferenciagdo pode gerar maus resultados no caso de processos ruidosos

e Por exemplo, suponha que temos o seguinte sinal:

y(t) =sen(t) + a, -sen(wtz

ruido

e donde:
« sin(t) = sinal original de frequéncia = 1 rad/s y amplitude = 1;
« a,=amplitude do ruido, de frequéncia = 100 rad/s.



“Compensacdo Derivativa Ideal (I5'D)

. oy y(©)
Diferenciag¢do pode gerar maus resultados no 2 .

caso de processos ruidosos
1 e
* Por exemplo, suponha que temos o seguinte sinal: \ /
AN
0 \ 7
y(t) =sen(t) +a, -sen(wt) 1 ~—
h'd
e donde: ruido ) , _
o sin(t) =sinal original de frequéncia=1rad/sy -
amplitude = 1; 0 1 2 3 t 4 > 6 !
e a,=amplitude do ruido, de frequéncia = 100 dyﬁ’(
rad/s. 2 : r : : ;

e Se aplicamos a derivada sobre o sinal anterior, 1 |||‘||”|-|' illh |'.|| |”-‘|' | | it
mesmo que a amplitude do ruido corresponda a “ |“HH‘ “WN “ ”‘ ‘ ‘ ‘
somente 1% da amplitude do sinal original (a, = o |, T ||| I I il
0,01), teremos como resposta um sinal como it ‘ | !
mostrado na parte de baixo da figura ao lado. . ‘ |‘ i ‘||| I l‘

- | | I|| ‘ ||| | ‘ n

* Perceba que a derivada (continua) deste sinal nos ) /

conduz a: 0 5 3 A 5 5 7

dy(t)

T =cos(t) +a, - w-cos(wt) “derivative kicks”



Compensacao Derivativa Ideal (PD)

* Ideia original:

e Melhorar (acelerar) a resposta transitoria

® Realizacdo mediante Controlador derivativo (PD):

e Desvantagens:

. Requer circuito ativo para realizar a diferenciagdo;

. Diferenciagdo pode gerar maus resultados no caso de processos ruidosos

K,s

Derivativo

+ E
R(s) © .

1

Proporcional

+

U(s)

C(s)=K,s+K, = Kz(s+ﬁ]

2

G(s)

e > Y(S)




SISOTOOL opens the SISO Design Tool. This Graphical User
Interface lets you design single-input/single-output
(SISO) compensators by graphically interacting with the
root locus, Bode, and Nichols plots of the open-loop
system. To import the plant data into the SISO Tool,
select the Import item from the File menu. By default,
the control system configuration is

P-->[ F ]--50--->[ € J-=->[ G J-=--4--> y

where C and F are tunable compensators.

SISOTOOL(G) specifies the plant model G to be used in the
SISO Tool. Here G is any linear model created with TF,
ZPK, or SS.

SISOTOOL(G,C) and SISOTOOL(G,C,H,F) further specify values
for the feedback compensator C, sensor H, and prefilter
F. By default, C, H, and F are all unit gains.

SISOTOOL(VIEWS) or SISOTOOL(VIEWS,G,...) specifies the
initial set of views for graphically editing C and F.
You can set VIEWS to any of the following strings or
combination of strings:

'rlocus’ Root locus plot

'bode’ Bode diagram of the open-loop response
Nichols plot of the open-loop response
Bode diagram of the prefilter F

'nichols’
'filter'

/////¢9//////, .
SISOTOOL SISO Design Tool.

For example
>> sisotool({'nichols’, 'bode"'})

Opens a SISO Design Tool showing the Nichols
plot and Bode diagrams for the open loop
CGH.

SISOTOOL(INITDATA) initializes the SISO
Design Tool with more general control
system configurations. Use SISOINIT to
build the initialization data structure
INITDATA.

SISOTOOL (SESSIONDATA) opens the SISO Design
Tool with a previously saved session where
SESSIONDATA is the MAT file for the saved
session.

See also sisoinit, ltiview, rlocus, bode,
nichols.

Reference page in Help browser
doc sisotool

>>



5> sisotool(.

%] Control and Estimation Tools Manager

File Edit Help
= |« o

>> sisotool(g,1)

Architecture

>>

Current Architecture:

—» F |

Graphical Tuning ] Analysis Plots ] Automated Tuning

Compensator Editor

G

L 4

Control Architecture ..

Loop Configuration. ..

System Data ..

Sample Time Conversion ...

H

Maodify architecture, labels andfeedback signs.

Configure additional loop openings for multi-loop...

Import data for compensators andfixed systems.

Change the sample time of the design.

Store Design | Help |

| ﬂ Show Architecture

5150 Design Task Mode.

L[]




). SIS0 Design for 5150 Design Task

>> S i SOtO O I ( . ) ge }E(dit D‘uﬁewi D;sig; .r\r:fll}:sis:_ljc;r?ls |‘v:;dnw Help

>> sisotool(g,1)

>>

x

Root Locus Editor for Open Loop 1 (OL1)

Open-Loop Bede Editer for Open Loop 1 (0OL1)

m Control andeE T T T 0 - -
File Edit Hel
=
- .;j 5
5|
=100 L
GM.:476dB
Freq: 4.9 radizec
0 u--B Stable loop
-150 L
-50
=r , 135 | ;
: B
-10 E
E 25t J
E P.M.: 85 deg
‘ Freq: 0.0417 radizec
-15 ! ! L | 270k . )
20 15 10 =5 0 107 o 102

! l Real Axis

Freguency (rad/sec)

i

Right-click on the plots for more design options.




~>> sisotool(.)

E! Control and Estimation Tools Manager

File Edit Help
# = | o o
>> SISOtOOI(g)]‘) QWUFKSDECE Architecture | Compensator Editor Graphical Tuning | 4nalysis Plots AutomatedTuningl
: E“B 3150 D’fSiQ” T“k Design plots configuration
Edltando e[ Desian History Plot Available Open/Closed Loopto Tune Plot Type
. . ~ A Plot1 | Open Loop1 j| Root Locus ﬂ -
Vlsuallzaqao *: Plotz | Open Loop1 j| Open-LoopBode ﬂ
« Plat 3 Open Loop1 -
].) Janela ContrOl | J Open-Loop Bode
Plot 4 | Open Loop1 j Root Lacus
and Estimation Plot 5 | OpenLoopa ~ || hichots Ad
T l M o Surnmary of available OpeniClosedloops totune:
ools Manager, — —
pMame Loop Description
h OpenLoop1 COpen Loop L
24) Aba “GraphICal ClosedLoopa ClosedLoop-From rtoy
- »
Tuning,
3) Plot 2, Open Loop
1’ Selecionar de SelectMew Open/Closed LooptoTune ... ‘ Show Design Plat ‘
“Open—LOOp Show Architecture | Store Design | Help ‘
»
Bode” para -
[~

« »
None 5150 Design Task Mode.




/

~ >> sisotool(.)

>> sisotool(g,1)

Editando
visualizacdo:

1) Janela “Control
and Estimation

)

Tools Manager”,

2) Aba “Graphical
Tuning’,

3) Plot 2, Open Loop
1, Selecionar de
“Open-Loop
Bode” para
“None”

(5 4] 5150 Design Task
Design History

Design plots configuration

E! Control and Estimation Tools Manager

File Edit Help

[ = IR

ﬂWUFKSDECE Architecture | Compensator Editor GraphicaITuning] ;i-.nal‘,fsisPIclts] AutomatedTuningl

| Plat |

Available Open/ClosedLooptoTune

Plot Type

) Figure 2: 5150 Design for 5150 Design Task

File Edit View Insett T

ool Desktop Window Help

| Root Locus ﬂ

Ll

| Open-LoopBode ﬂ

J{

Open-Loop Bode
Root Locus

L]

Al

Michols

Dogde | kb ARAO09RL- 208
Root Locus Editor for Open Loop 1 (OL1)
15 . . : :
10+
5_
w
i 0 T
m
E
5t
0t
15 1 1 1 1
20 15 -10 5 0

Real Axis

Loop Description

J Show Design Plot ‘

Design Help

L L]




) 5150 Design for 5150 Design Task

/ File Edt “iew Deszignz Analysiz Tool: Window Help
°
~ >>sisotool(.) Frerrsnne
([ ]
Root Locus Editor for Open Loop 1 (OL1)
15 T T T I
Add Pole/Zero » ;
. Delete Paole/Zemn :
10F ! -
>> SISOtOOI(g;I) Edit Compenzator... '
Edltando Gain Target ] .
. 1- ~ Dezign Bequirements b '
viSua lza(,‘aO. ot Grid Hi=ES T
Pt Full Vi ]
4) Ventana Flgure X: Pu IE;H Design requirement type: e
o roperties...
SISO,"”, Z 0 Design requirement parameters ]
o1 ]
. e E Settling time (sec) = 1
5) Pressionar botdo = |
direito dO mouse < ). New Design Requirement M=l E3 oK | cancel | Help |
. = Design requirement type: - ]
por sobre a janela R
r (e Design requirement par ngtime
graflca ercent overshoaot
. Settling time (sec) = ; - !. .
. « g -10 | e el <} New Design Requirement x
6) Selecionar “Design = [ -
Requirements” Design requirement type: |Damping ratio j
)
NeW, _ __i TR m—— 1o | Deasign requirement parameters

BTl W (I (1 707 000000000000

7) Selecionar
“Damping Ratio” e

Design requirement parameters

Design reguirement type: |Damping ratio

ﬂ Rea

OK | Cancel | Helg |

E design options.

Damping ratio = |zeta

alterar valor

oK | Cancel

| Help |




~ >> sjsotool(.)

>> sisotool(g,1)

Editando
visualizacao:

4) Ventana “Figure X:
SISO...,

5) Pressionar botdo
direito do mouse
por sobre a janela
grafica,

6) Selecionar “Design
Requirements’,
New,

7) Selecionar
“Damping Ratio” e
alterar valor

X/'

). SISO Design for SIS0 Design Task
File Edt Wiew Designz Analyziz Toolz ‘Window Help

[ x 0 £ & S| %SO

Foot Locus Editor far Open Loop 1 (OL1)

1 5 T T

10 F

Imag &xis

A0k

-4 ! L
20 -15 -10

Real Axiz

Right-click on the plots for more design options.
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>> sisotool(.

>> sisotool(g,1)

Editando
visualizacao:

4) Ventana “Figure X:
SISO...,

5) Pressionar botdo
direito do mouse
por sobre a janela
grafica,

6) Selecionar “Design
Requirements’,
New,

7) Selecionar
“Damping Ratio” e
alterar valor

J 5150 Design for SIS0 Design Task
File Edit “iew Dezignz Analyziz Toolz “Window Help

[( x o £ 2 s | & & &M g

Foot Locus Editor for Open Loop 1 (OL1)

Imag Axis
(o)
$

Feal Axis

Des=ign requirement. damping = 0.504 [overshoat = 16 3%).
Left-click and drag to move this requirement.
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>> sisotool(.

>> sisotool(g,1)

Editando
visualizacao:

4) Ventana “Figure X:
SISO...,

5) Pressionar botdo
direito do mouse
por sobre a janela
grafica,

6) Selecionar “Design
Requirements’,
New,

7) Selecionar
“Damping Ratio” e
alterar valor

J 5150 Design for SIS0 Design Task
File Edit “iew Dezignz Analyziz Toolz “Window Help

[( x o £ 2 s | & & &M g

Foot Locus Editor for Open Loop 1 (OL1)

e [l I T T I P

Imag Axis
(o)

Feal Axis

Drag thiz clozed-loop pale along the locus to adjust the loop gain.
Current location: -1.21 + 2061  Damping: 0.506  Matural Frequency: 2.35 radisec




>> sisotool(g)

) 5150 Design for SISO Design Task
File Edit View Designe Analyzsiz Tools ‘Window Help

M[=1E3

I xo ¥ 2x|®QE @8

Root Locus Editor for Open Loop 1 (2L1)

Imag Axiz
o

Real Axiz

Drag thiz clozed-loop pole along the locus to adjust the loop gain.
Current location: -1.21 + 2.06i  Damping: 0506 Matural Frequency: 2.35 radisec

Imaginary Axis

Amplitude

Pole-Zero Map

s s L L L

[ [ [ [ [

-5 -4 -3 -2 -1 0
Real Axis

Step Response

135

L L [ [ L L

0.5

[

0.5

2 by 3 35 4 4.5 5

Time (sec)




sisotool(.)

15

>> sisotool(g,1)

>> 10

Root Locus Editor for Open Loop 1 (OL1)

L T 5 T

1

-10 -5
Real Axis

53

Open-Loop Bode Editor for Open Loop 1 (OL1)
0 —~ 4

o
o
T

-100 -

G.M.:47.6 dB

Freq: 4.9 rad/sec

Stable loop

-150 :
-90

T

=135
-180

-225
P.M.: 89 deg
Freq: 0.0417 rad/sec

-270
10

r

=2 0 2

10 10
Frequency (rad/sec)

10



