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1 Exercicio
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G(s) = — G
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1.1 Ajuste de Ganho

Ky = — — lim sK,Gay(5)Gar(5)G(5)

€ss s—0

y Tis+1 T2s+1 0.0374
—— =lim sk,
0,005 =0 “aTls+1pT2s+ 1s(0.01s + 1)(0.657s + 1)

TL.0+1 T2.0+1 0,0374
200 = 0K,
aT1.0+1B72.0+10(0,01.0 + 1)(0,657.0 + 1)

K. = 5347,59

200 = 0,0374Kc =
K, = 200
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R(s) K. G(s) > C(s)

Figura 1: Diagrama de blocos do sistema com ganho ajustado

200
K.G(s) =
(5) = 50,015 7 1)(0,657 £ 1)
Mfatual = _47 T7°
Weg = 17,3rad/s

1.2 Margem de Fase

—In(M, —In(0,1
gdesejada = n( p) n( ) =~ O, 59166
V72 + [In(M,)]? \/7r2 [In(0, 1)]
2 .
M desejada = arctan = arctan 1,6378 = 58,5930

V26 /T e

1.3 Angulo de Avanco

¢m = —180 + Mfdesejada + tolerancia

Gm = —180° + (—4,77) +10° = —138°



1.4 Fator de Atenuacao
Bode Diagram
G =-5.89 dB (at 12.3 rad/s) , Pm=-4.77 deg (at 17.3 rad/s)
1DD T T T T
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Figura 2: Frequéncia de defasagem maxima
wm =~ 1,65rad/s
|G(S>|w:1,65 = 38,3dB
—20log B = 38,3 = 8 = 10%%3/20 = 82,22
1.5 Polos e Zeros do Controlador
10 10
Wy = — = Ty = — = 6,061
Tat m
T = 6,061 (zero)
BTw = 498,3 (polo)
1.6 Compensador por atraso de fase

K.Gu(s)G(s)

. Tus+1 0,0374
~“BTus +10(0,01.0 + 1)(0,657.0 4 1)
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~ 6,061s+1 200
498,35+ 15(0,01s + 1)(0,657s + 1)

K.Gu(s)G(s)

R(s) Ko 3 Gat G(s) > C(s)

Figura 3: Diagrama de blocos do sistema controlado por atraso de fase

12125 + 200
KoGan(s)G(s) =
()G(8) = 3370577 332, 457 + 19052 7 1
Mfatual = 36°
Weg = 1,65rad/s

1.7 Angulo de Avanco

Qsm = Mfdesejada - Matual + toleT&ncia
Om = 58,5930° —36° +10° = 34,59°

1.8 Fator de atenuacao

4 ) l—oz:> in ¢ l—oz:> 1 —sinwo
m = arcs sin ¢@,, = 0= —
' 1111 o 1+« 1+ sino

1 —sin 34,59

T . 2
T T sm34.59 0,2757

1 1
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Bode Diagram
Gm=31.4dB (at 11.6 rad/s) , Pm =36 deq (at 1.65 rad/s)
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Figura 4: Frequéncia de defasagem méaxima

wm & 2,45rad/s

1.9 Polos e zeros de compensador

1 1
m = = Tav =
“m = AT o/
=0,7773

1
Tav T e
2,45:/0, 2757

Tw = 0,7773 (zero)
aT,, = 0,2143 (polo)

1.10 Compensador por atraso-avanco de fase

o Tus+1 Ths+1 0,0374
- “BTyus +1aT,,s +10(0,01.0 4+ 1)(0,657.0 + 1)

K.Gu(s)G(s)

_6,061s410,7773s 4 1 200
498,35+ 10,21435 + 1 5(0,01s + 1)(0,657s + 1)

K.Gu(s)G(s)
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R(s) Ke 2 Gav at G(s) > C(s)

Figura 5: Diagrama de blocos do sistema controlado por atraso-avanco de fase

642, 25 + 1368s + 200

KcGa’U G =
(5)G(s) 0,7017s5 + 47, 51s* + 439, 353 + 499, 252 + s

Bode Diagram
Gm = 68.7 dB (at 12.3 rad/s), Pm = 88.6 deg (at 0.0374 rad/s)
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Figura 6: Diagrama de Bode do sistema sem compensacao



Nyquist Diagram
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Figura 7: Diagrama de Nyquist do sistema sem compensagao

Mp=0 ts=102.6227
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Figura 8: Resposta do sistema ao degrau unitario sem compensacao



Linear Simulation Results
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Figura 9: Resposta do sistema a rampa unitaria sem compensacao

Bode Diagram
Gm =-589dB (at 12.3 rad/s), Pm =-4.77 deg (at 17.3 rad/s)
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Figura 10: Diagrama de Bode do sistema com ajuste de ganho



Nyquist Diagram
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Figura 11: Diagrama de Nyquist do sistema com ajuste de ganho
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Figura 12: Resposta do sistema ao degrau unitario com ajuste de ganho



Linear Simulation Results
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Figura 13: Resposta do sistema a rampa unitiria com ajuste de ganho

Bode Diagram
Gm=31.4 dB (at 11.6 rad/s) , Pm = 36 deg (at 1.65 rad/s)
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Figura 14: Diagrama de Bode do sistema com atraso de fase
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Nyquist Diagram

Imaginary Axis
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Figura 15: Diagrama de Nyquist do sistema com atraso de fase

Mp=38.0661 ts=6.6127
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Figura 16: Resposta do sistema ao degrau unitario compensado por atraso
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Linear Simulation Results
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Figura 17: Resposta do sistema a rampa unitaria compensado por atraso

Bode Diagram
Gm =31.4 dB (at 21.8 rad/s) , Pm =61.2 deg (at 2.45 rad/s)
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Figura 18: Diagrama de Bode do sistema com atraso-avanco de fase
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Nyquist Diagram

Imaginary Axis
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Figura 19: Diagrama de Nyquist do sistema com atraso-avanco de fase

Mp=9.7156 ts=7.9945
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Figura 20: Resposta do sistema ao degrau unitario compensado por atraso-avanco
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Linear Simulation Results
5 T T T T T T

450 A

350 .

Amplitude
N
(3,
T
1

ok ' 1 1 1 I I I I I 1
0 0.5 1 1.5 2 25 3 35 4 4.5 5

Time (seconds)

Figura 21: Resposta do sistema a rampa unitaria compensado por atraso-avanco

Bode Diagram
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Figura 22: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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Nyquist Diagram

Imaginary Axis
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Figura 23: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)

Step Response
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Figura 24: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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Linear Simulation Results
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Figura 25: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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2 Exercicio

_ 0, 0374
~ 5(0,01s +1)(0,657s + 1)

G(s)

Mfdesejada - 45°
ess = 0,5% = 0,005

2.1 Ajuste do ganho

K, = S lim s K .Gy (s)G(s)

€ss s—0
. Tis+1 0.0374
—— = lim sk,
0,005 s—=0 “aT1ls+1s(0.01s+1)(0.657s+ 1)
T:. 1 4
200 = 0K, 1.0 + 0,037
aT1.0+10(0,01.0 + 1)(0,657.0 + 1)
K.= 5347,59
200 = 0,0374Kc =
K, = 200
R(s) Ke G(s) > C(s)

Figura 26: Diagrama de blocos do sistema com ganho ajustado

200
K.G(s) =
() = 5005 7 1)(0.657s + 1)
Mfatual = _47 77°
Weg = 17,3rad/s

2.2 Angulo de avanco

¢m = Mfdesejada - Mfatual + toler&nciu
b = 45° — (—4,77°) + 10° = 59, 77°
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2.3 Fator de atenuacao
1—a 1—a 1 —sina

[0) arcsm1 - sin ¢ T a Q T sma

o 1—sin50,77
"~ 1+4sinh9, 77

= 0,073

1 1

Bode Diagram
G =-5.89 dB (at 12.3 rad/s) , Pm=-4.77 deg (at 17.3 rad/s)
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System: untitledd i
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Figura 27: Frequéncia de defasagem maxima

wm ~ 32.7rad/s

2.4 Polos e zeros do compensador
1 1
VvaT W/

B 1
~32,7,/0,073

{ T = 0,1132 (zero)

Wm

T >~ (), 1132

aT = 0,0083 (polo)
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2.5

Compensador por avanco de fase

Ts+1 0,0374
KCGa’U G — KC 9
(s)G(s) aTs+1s(0,01s +1)(0,657s + 1)

0,1132s + 1 0,0374
0,0083s + 1 5(0,01s + 1)(0,657s + 1)

K.Gau(s)G(s) = 5347, 59

R(s) Kc 2 G,y G(S) > C(s)

Figura 28: Diagrama de blocos do sistema controlado por avanco de fase

22, 645 + 200
(5,427.1075)s* + 0, 01213 + 0, 657352 + s

KGan(s)G(s) =

Bode Diagram
Gm = 68.7 dB (at 12.3 rad/s), Pm = 88.6 deg (at 0.0374 rad/s)

100
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10' 10
Frequency (rad/s)

Figura 29: Diagrama de Bode do sistema sem compensacao
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Nyquist Diagram
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Figura 30: Diagrama de Nyquist do sistema sem compensacao

Mp=0 ts=102.6227
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Figura 31: Resposta do sistema ao degrau unitario sem compensagao
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Linear Simulation Results
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Figura 32: Resposta do sistema a rampa unitaria sem compensacao

Bode Diagram
Gm =-589dB (at 12.3 rad/s), Pm =-4.77 deg (at 17.3 rad/s)
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Figura 33: Diagrama de Bode do sistema com ajuste de ganho
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Nyquist Diagram
2000 T T T

1500 -

1000 -

500 -

Imaginary Axis

-500 -

-1000 -

-1500 -

-2000 :
-140 -120 -100 -80 -60 -40 -20 0

Real Axis

Figura 34: Diagrama de Nyquist do sistema com ajuste de ganho
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Figura 35: Resposta do sistema ao degrau unitario com ajuste de ganho

22



Linear Simulation Results

Amplitude
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Figura 36: Resposta do sistema a rampa unitiria com ajuste de ganho

Bode Diagram
Gm =149 dB (at 102 rad/s), Pm = 44.3 deg (at 32.7 rad/s)
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Figura 37: Diagrama de Bode do sistema com avanco de fase

23



Nyquist Diagram
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Figura 38: Diagrama de Nyquist do sistema com avanco de fase

Mp=31.2436 ts=0.27351
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Figura 39: Resposta do sistema ao degrau unitirio compensado por avanco
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Linear Simulation Results
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Figura 40: Resposta do sistema a rampa unitaria compensado por avanco

Bode Diagram
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Figura 41: G(s) (azul) - K..G(s) (vermelho) - K..Gy,(s).G(s) (preto)
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Nyquist Diagram
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Figura 42: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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Figura 43: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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Linear Simulation Results
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Figura 44: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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3 Exercicio

K
G(s) =
(5) =713
s+a
G.(s) =
(s) = 2
tSQ% 1s
M,= 5%= 0,05
—In(M, —In(0, 05
£desejada = n( p) n( ) ~ 00,6901
V2 + [In(M,)]? \/71'2 [In(0, 05)]?
4 4 4
ls2% = —— = Wn = = ~ 5,7962rad
P T Etay 0,601 rad/s
s+a K 2+ s(K+3)+ K.a
Gur =1+ Go(s).G(s) = 1 - —0
ME + Gels)-Gls) * s s+3 s(s+3)
2+ 5(K +3)+ K.a = 8 4 28w,s + w?
K+3= 2w, N K+3= 2.0,6901.5,7962 N K= )
Ka= W} K.a= 5, 79622 a= 6,7192
6,7192
Go(s) = 516, 7192

S
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4 Exercicio

2500. Ky
(5) = 2200 Ko
s(s + 25)
ess = 0,5% = 0,01
M,< 1% = 0,05
t. < 0,02
t.< 0,02

Ky = - — lim sK.Gay(5)G(s)

€ss s—0

s T18 +1 2500K0
0,01 s=0  “aTls+1s(s+25)

1 7.0+ 1 2500.K,
— = 0K,
0,01 aT1.0+10(0+ 25)
2500.K, K.= 1
100 = =
25 { K, = 100
R(s) Ke G(s) > C(s)

Figura 45: Diagrama de blocos do sistema com ganho ajustado

100

KCG<S) = m

4.2 Margem de fase
Eeseinda = —In(M,) ~ —In(0,05)
desejada \/71-2 n [ln(Mp>]2 \/7(2 4 [IH(O, 05)]2
Mfdesejada = 100§ =69°

~ (0,6901

Mfatual = 28°
Weg = 4Trad/s
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4.3 Angulo de avanco

¢m = Mfdesejada - Mfatual + toler&ncia
Gm =69° — (28°) +5°=46°

4.4 Fator de atenuacao

4 . 1—042> in & 1—042> 1 —sinw
m = arcsin sin @, = o= —
1+« 1+« 1+ sina
1 — sin 46
= ——=0,1632
T T sm46

1 1

Bode Diagram
Grn = Inf dB (at Infrad/s) | Prm =728 deg (at 47 rad/s)

o0
o
s e 8 e e e e B
“u—; [
S System: urtitlecd
= : Frequency (rad/z): 76.7
&5 S0 : Magritude (dBY -7 87 T
= ;

-100 . e AR,

a0 :
2120
=
o
o
£ -150

1

Fregquency (rad/s)

Figura 46: Frequéncia de defasagem maxima

Wm &= 76, Trad/s
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4.5 Polos e zeros do compensador

T=——"—2=0,0323
76,6+/0, 1632 ’

T = 0,0323 (zero)
aT = 0,0053 (polo)

4.6 Compensador por avanco de fase

Ts+1 2500
K, =K,
G ()G (s) “aTs+1s(s+ 25)

~0,0323s+1 2500
~0,0053s + 1 s(s + 25)

K Gay(s)G(s)

R(s) K 2 Guy G(S) > C(s)

Figura 47: Diagrama de blocos do sistema controlado por avanco de fase

805 + 2500
KoGy(5)G(s) =
()G(3) = 5 5052665° + 1.13257 1 255

31



Bode Diagram
Gm = Inf dB (at Inf rad/s), Pm =28 deg (at 47 rad/s)
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Figura 48: Diagrama de Bode do sistema sem compensacao

Nyquist Diagram
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Figura 49: Diagrama de Nyquist do sistema sem compensacao
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Mp=44.3235 t5=0.28232
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Figura 50: Resposta do sistema ao degrau unitario sem compensagao
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Figura 51: Resposta do sistema a rampa unitaria sem compensacao
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Bode Diagram
Gm = Inf dB (at Inf rad/s), Pm =28 deg (at 47 rad/s)
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Figura 52: Diagrama de Bode do sistema com ajuste de ganho

Nyquist Diagram
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Figura 53: Diagrama de Nyquist do sistema com ajuste de ganho
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Mp=44.3235 t5=0.28232
15 T T T

Amplitude

05+ -

0 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 045
Time (seconds)

Figura 54: Resposta do sistema ao degrau unitario com ajuste de ganho

Linear Simulation Results
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Figura 55: Resposta do sistema a rampa unitiria com ajuste de ganho
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Bode Diagram
Gm = Inf dB (at Inf rad/s), Pm =64.1 deg (at 76.7 rad/s)

50

<

Magnitude (dB)

-50

-135

Phase (deg)

180 = g syl g g gl sy I TR P |
10 10° 10
Frequency (rad/s)

Figura 56: Diagrama de Bode do sistema com avanco de fase

Nyquist Diagram
25 T T

Imaginary Axis
&

-1.4

Real Axis

Figura 57: Diagrama de Nyquist do sistema com avanco de fase
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Mp=6.86867 t5=0.065314

Amplitude

02r B

0 I 1 1 I I I I I 1
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Figura 58: Resposta do sistema ao degrau unitario compensado por avanco

Linear Simulation Results

351 =

Amplitude
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Figura 59: Resposta do sistema a rampa unitaria compensado por avanco
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50

<

Magnitude (dB)

-50

-135

Phase (deg)

-180
1

Figura 60:

80
80
40

20

Imaginary Axis

-20

-40

-80

-80
-4

Figura 61:

Bode Diagram

= L n Lo n L Lo L i M v o -
0 10° 10
Frequency (rad/s)

G(s) (azul) - K..G(s) (vermelho) - K..Gy,(s).G(s) (preto)

Nyquist Diagram

| | | | | | |
-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0
Real Axis

G(s) (azul) - K..G(s) (vermelho) - K..Gy,(s).G(s) (preto)
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Step Response
15 T T T
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Figura 62: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)

Linear Simulation Results
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Figura 63: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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5 Exercicio

 16(s+1)
 s(s2 + 25+ 16)

M, < 5% = 0,05
tsav <

5.1 Margem de fase

o —W(M)  —I(0,05)
fdeseyada - \/71_2 T [ln(Mp)]2 = \/71_2 n [111(07 05>]2 ~ 0, 6901

2
£ = arctan 2, 1084 = 65 °
V26 /T e

M tgesejada = arctan

Mfatual = 30; 2°
Weg = H,32rad/s

5.2 Angulo de avanco

¢m = Mfdesejada - Mfatual + tolerdncia
b = 65° — (30,2°) +9° = 43,4253°

5.3 Fator de atenuacao

é . 1—04:> in & 1—04:> 1 —sina
m = arcsin sin @, = 0= —
1+ 1+« 1+ sina

1 —sind3,4253
T 1 Fsind3, 4253

=0,1853

1 1
40



Bode Diagram
Em = InfdB (at Inf rad/s) , Pm =302 deg (at 5.32 rad/s)
T R e e i § ¥ L e S AT ¥ A A L 1 SRR gt o O
System: untitledd
Freguency (radfz) 713
Magnitude (dBY. -7.33

a0

Magnitude (dB)
(]
-
T

Aopl

45

40

Phase (deq)

-135

-180

Freguency (rad/s)

Figura 64: Frequéncia de defasagem maxima

wm ~ 7.13rad/s

5.4 Polos e zeros do compensador

1 1
Wy = ——— =T =

VvaT Winv/a

1
T=_ =~ (. 3259
7.13,/0,1853
T = 0,3529 (zero)
aT = 0,0604 (polo)

5.5 Compensador por avancgo de fase

Ts+1 16(s+1)

Gau(5)G(5) = aTs+ 15s(s?+2s+ 16)

G (5)Gi(s) = 2352951165+ 1)
aw(8)G(s) =
0,0604s + 1 s(s? + 2s + 16)
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Figura 65: Diagrama de blocos do sistema compensado por avanco de fase

5,214s* 4+ 21,21s + 16

Gav G =
(3)G(8) = 5 60371 1 1, 12159 + 2, 06652 1 163

Bode Diagram
Gm = Inf dB (at Infrad/s), Pm = 30.2 deg (at 5.32 rad/s)
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-100

'
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Phase (deg)
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-135

_180 je Ye g G s TN i g gl i A Pl e e Trrperen
10" 10
Frequency (rad/s)

Figura 66: Diagrama de Bode do sistema sem compensacao
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Nyquist Diagram
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2
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Real Axis

Figura 67: Diagrama de Nyquist do sistema sem compensacao

Mp=0 ts=6.0663

Amplitude

Time (seconds)

Figura 68: Resposta do sistema ao degrau unitario sem compensagao

43



Linear Simulation Results
5 T T T T T T

45 S 8

35+ il
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(3,
T
1

ok : I 1 1 I I I I I 1
0 0.5 1 1.5 2 25 3 35 4 4.5 5
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Figura 69: Resposta do sistema a rampa unitaria sem compensacao

Bode Diagram
Gm = Inf dB (at Infrad/s), Pm =57.7 deg (at 7.12 rad/s)
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-135
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Figura 70: Diagrama de Bode do sistema com avanco de fase
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Nyquist Diagram

20 T T T T
0dB -~

Imaginary Axis
{=: N
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5L o

-1 -0.5 0 0.5 1 1:5 2 25
Real Axis

Figura 71: Diagrama de Nyquist do sistema com avanco de fase

Mp=0 ts=6.7181

Amplitude

10

Time (seconds)

Figura 72: Resposta do sistema ao degrau unitirio compensado por avanco
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Linear Simulation Results
5 T T T T T T

450 P

351 ra i

Amplitude
N
(3,
T
1

i) ' I 1 1 I I I I I 1
0 0.5 1 1.5 2 25 3 35 4 4.5 5

Time (seconds)

Figura 73: Resposta do sistema a rampa unitaria compensado por avanco

Bode Diagram

50 T
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-135
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Figura 74: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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Nyquist Diagram

20 T T T T
A F %

Imaginary Axis

-20 1 L i | A
-1.5 -1 -0.5 0 0.5 1 1.5 2 25
Real Axis

Figura 75: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)

Step Response

Amplitude

Time (seconds)

Figura 76: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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Linear Simulation Results
5 T T T T T T

450 P

351 i

Amplitude
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Figura 77: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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6 Exercicio

Ko

GO = Gri0GT 1)

ess = 10% = 0,1
gdesejada = 07 707

6.1 Ajuste do ganho

Ky = 5 = lim sK.Ga(s)G(s)

€ss s—0

— = lim sk,
0,1 =0 "fBTs+1s(s+10)(s+ 14)
10 — 0K T.0+1 Ky

“BT.0+10(0+ 10)(0 + 14)

10— Ky.Ke N KoK, = 1400
140 K, = 10
R(s) Ke G(s) > C(s)

Figura 78: Diagrama de blocos do sistema com ganho ajustado

10
s(ig D5+ 1)

K.G(s) =

6.2 Margem de fase

2
M desejada = arctan § = arctan 2, 1968 = 65 °
\/ =282 + /14484
Mfatual - 27°
Weg = 7,21rad/s
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6.3

6.4

6.5

Angulo de avanco

(bm = —180 + Mfdesejada + tolerancia

Om =—180°+65+5°=—110°

Fator de atenuacao

Magnitude (dB)

Phase (deq)

50 T T T
\—k‘\k_‘l-__
D o i R R R R S R S\,-'s:tem: sysl-{c: ............................... o
Freguency (radfz) 2.1
ok Magnitude (dB): 133 |
-100 -
150 Ll L et o M S R N |
-0 —=mror— s :
H. I
1351+ System: syskc i
Frequency (radfs) 2.1
Phase (deg)y -110
E G | e e e
S2AA
270k L
107" 1

Bode Diagram
Gm =76 dB (at 11.8 rad/s) , Pm =27 deg (at 7.21 rad/s)

Freguency (rad/s)

Figura 79: Frequéncia de defasagem maxima

Wm = 2, 1rad/s
G(s)], o = 13,345

—20log B = —13,3 = 5 =10"3%/20 = 4,62

Polos e zeros do compensador

wm:1—0:>T:>T:£:4,7847
T W

T = 4,7847 (zero)
BT = 22,12 (polo)
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6.6 Compensador por atraso de fase

Ts+1 Ko
K p—
Gar(8)G(s) ‘BTs+ 1s(s+10)(s + 14)
4,7847s + 1 1400
K — M
CalOE) = G5 5 T ST 10+ 1)
R(s) K [ Ga ] Gls) > Cls)

Figura 80: Diagrama de blocos do sistema compensado por atraso de fase

B 6699s + 1400
©22.12s% + 53253 4 312152 + 140s

KGay(s)G(s)

Bode Diagram
Gm =70.5dB (at 11.8 rad/s), Pm = 89.9 deg (at 0.00714 rad/s)

o
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o
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-100
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-135

-180

Phase (deg)

-225

-270

10 10" 10
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Figura 81: Diagrama de Bode do sistema sem compensacao
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Nyquist Diagram
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Figura 82: Diagrama de Nyquist do sistema sem compensacao

Mp=0 ts=547.1872

Amplitude

| | | 1 1 |
0 200 400 600 800 1000 1200 1400
Time (seconds)

Figura 83: Resposta do sistema ao degrau unitario sem compensagao
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Linear Simulation Results
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Figura 84: Resposta do sistema a rampa unitaria sem compensacao

Bode Diagram
Gm =7.6dB (at 11.8 rad/s), Pm = 27 deg (at 7.21 rad/s)

50

Magnitude (dB)
n
(=3

-100

Phase (deg)

270k R i e

10' 10
Frequency (rad/s)

Figura 85: Diagrama de Bode do sistema com ajuste de ganho
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Nyquist Diagram
25 T T T

.48

Imaginary Axis

20+ -

05 I I I 1 I 1 1 I
-1.8 -1.6 -1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0
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Figura 86: Diagrama de Nyquist do sistema com ajuste de ganho

Mp=46.5632 ts=2.1064

Amplitude

05+ &

0 I I I 1 I
0 05 1 15 2 25 3

Time (seconds)

Figura 87: Resposta do sistema ao degrau unitario com ajuste de ganho
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Linear Simulation Results
5 T T T T T T

450 B

351 o i
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0 0.5 1 1.5 2 25 3 35 4 4.5 5
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Figura 88: Resposta do sistema a rampa unitiria com ajuste de ganho

Bode Diagram
Gm =20.7 dB (at 11.7 rad/s) , Pm = 65.1 deg (at 2.1 rad/s)

100 T
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-50
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B 1| S| R | M| M|
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Figura 89: Diagrama de Bode do sistema com avanco de fase

25



Nyquist Diagram
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Imaginary Axis
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Figura 90: Diagrama de Nyquist do sistema com avanco de fase

Mp=7.2867 ts=7.017

0.8 B!

Amplitude

061 =

0.4 =

021 B

Time (seconds)

Figura 91: Resposta do sistema ao degrau unitirio compensado por avanco
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Linear Simulation Results
5 T T T T T T

450 g

350 .
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Figura 92: Resposta do sistema a rampa unitaria compensado por avanco

Bode Diagram
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Figura 93: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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Nyquist Diagram
3000 T T T
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Imaginary Axis
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Figura 94: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)

Step Response

Amplitude

0.5 -

Time (seconds)

Figura 95: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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Linear Simulation Results
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Figura 96: G(s) (azul) - K..G(s) (vermelho) - K..G4,(s).G(s) (preto)
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7 Exercicio

10esT
Qls) = ——¢
(s) s2(s + 10)
T= 50ms = 0,05
M,<  3,5dB
w, = 1,4rad/s
—sT _ —S + 40
5440
10(— 40
G(s) = (=5 +40)

s2(s+10)(s + 40)

7.1 Margem de fase

1
Ta/ioe o= T S e
1—,/1—-3 1— /1—-L
2 Mg, M3
= £ =
§ 5 3 5
¢ = - 1_$ &1 0,9895
B 2 &= 0,1444
2 Mg ~ 76,08
My = arctan § :>{M le 6,49
\/1 /1 + 4&‘4 _ 2£ fdesejada ~ 6;
Mfatual - _8,550
Weg = 0,998rad/s

7.2 Angulo de avanco

¢m = Mfdesejada — Mfatual + toler&ncia

¢m = 16,43° — (—8,55) +5° = 29,98°
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7.3 Fator de atenuacao

¢m = arcsin

—20

l—oz:> in ¢ l—oz:> 1 —sinwo
sin ¢,, = o= —
1+« 1+ sin«
1 —sin29. 98
=" " =10,3336
T 1 sm29,98
| ! 201 ! 4.7671dB
og|—=]=-20log | ——= ) = —
s\ Va 5\ /0.3336 ’

Bode Diagram

Grn = -Inf dB (at O radfs) , Prn=-8.95 deg (at 0.998 rad/s)

System: untitled
Freguency (radf=) 1.31
Magnitude (dBY. -4 77

100
S 0
(=i}
a3
=
=
= 100
=
200
180
135
= o
=
> 45
wr
§ 0
.45
a0
10
7.4 Polos e

10°
Fregquency (rad/s)

Figura 97: Frequéncia de defasagem méxima

wm ~ 1.31rad/s

zeros do compensador

1 1
Ym = AT o/
1
T =~ 1,3216

~ 1,31,/0,3336

T = 1,3216 (zero)
aT = 0,4409 (polo)
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7.5 Compensador por avanco de fase

Ts+1 10(—s+ 40)

Gau(8)G(s) = aTs+1s%(s+10)(s + 40)
C1,321654+ 1 10(—s + 40)
Gu(s)G(s) = 0,4409s + 1 s2(s + 10)(s + 40)
R(s) Gay G(s) > C(s)

Figura 98: Diagrama de blocos do sistema compensado por avanco de fase

—13s? + 518, 65 + 400

Gav(S)G(S> = 0,4409s5 + 23, 05s* + 226, 453 + 40052

Bode Diagram
Gm = -Inf dB (at O rad/s), Pm =-8.55 deg (at 0.998 rad/s)

100

S50 =

o

-50

Magnitude (dB)

-100
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-200 e e e
180 T T

Phase (deg)
[{e]
(=)
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L

o
T
1

90 & . | . M| . M| P =
10' 10
Frequency (rad/s)

Figura 99: Diagrama de Bode do sistema sem compensacao
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Nyquist Diagram
05 T T

T T
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Figura 100: Diagrama de Nyquist do sistema sem compensacao

Mp=NaN ts=NaN

Amplitude
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Figura 101: Resposta do sistema ao degrau unitario sem compensacao
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Linear Simulation Results

Amplitude

1 I 1 1 I I I I I 1
0 0.5 1 1.5 2 2:5 3 3.5 4 4.5 5

Time (seconds)

Figura 102: Resposta do sistema a rampa unitaria sem compensagao

Bode Diagram
Gm =10.7 dB (at 2.82 rad/s) , Pm = 18.8 deg (at 1.31 rad/s)
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Figura 103: Diagrama de Bode do sistema com avanco de fase
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Nyquist Diagram
10 T T T T T

Imaginary Axis

10 | L L 1
-160 -140 -120 -100 -80 -60 -40 -20 0 20
Real Axis

Figura 104: Diagrama de Nyquist do sistema com avanco de fase

Mp=73.7011 ts=14.3381

1.8 T T T

Amplitude

02 I | I 1 I
0 2 4 6 8 10 12 14 16 18

Time (seconds)

Figura 105: Resposta do sistema ao degrau unitario compensado por avanco
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Linear Simulation Results

Amplitude

1 | 1 1 | | | | | 1

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Time (seconds)

Figura 106: Resposta do sistema a rampa unitaria compensado por avanco

Bode Diagram
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Figura 107: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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Nyquist Diagram

Imaginary Axis

10 I ! I 1 I 1 1 i
-160 -140 -120 -100 -80 -60 -40 -20 0 20

Real Axis

Figura 108: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)

Step Response
1.8 T T T

Amplitude

) | L l L L
0 2 4 6 8 10 12 14 16 18

Time (seconds)

Figura 109: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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Linear Simulation Results

Amplitude

"o 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Time (seconds)

Figura 110: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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8 Exercicio

) 1 20
= 0,1=———
0,1s+ 1s(0,001s 4 0,01) s(0,1s + 1)2

G(s)

€ss = 2, 5% = 0, 025
gdesejada = 07 7
M,< 0,05= 5%

8.1 Ajuste do ganho

K, = . lim sK.Gat(5)G(s)

€ss s—0

. Ts+1 50
—— = lim sk,
0,025  s—0 fTs+1s(0,1s 4 1)2
T0+1 50
40 = 0K,
BT.0+10(0,1.0+ 1)2
K.= 0,8
40 =50K, =
K,= 40
R(s) Ke G(s) > C(s)

Figura 111: Diagrama de blocos do sistema com ganho ajustado

40
KG(s) = ———
(s) s(0,1s + 1)2
8.2 Margem de fase
28 ~ @k o
M tgesejada = arctan = arctan 2, 1968 = 65

V26 /T ad
Mfatual = _187 1°
Weg = 13,8rad/s
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8.3 Angulo de avanco

(bm = —180 + Mfdesejada + tolerancia

Om =—180°+65+5°=—110°

8.4 Fator de atenuacao

Magnitude (dB)

Phase (deq)

-1ao

Bode Diagram
Gm=-6.02 dB (at 10 rad/s) , Pm=-18.1 deg (at 13.8 rad/s)

100 T T
System: sysho
Frequency (radis) 1.8
50 =”—~—ﬁ“i‘kkm Magnitude (dB): 26.7 1
]
ok
A0k

Freguency (rad/s)

Figura 112: Frequéncia de defasagem maxima

W ~ 1,8rad/s
Gy = 26, TdB

—20log B = —26,7 = B = 10%07/20 = 21,6272

8.5 Polos e zeros do compensador

1 1
wm:—O:>T:>T:—0:575556
T W

T = 5,5556 (zero)
BT = 120,2 (polo)
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1351+ System: syskc i
Frequency (radiz) 1.8
Phase (deg): -110
SBE s e
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8.6 Compensador por atraso de fase

Ts+1 50
K.Go(5)G(s) = K.
($)G() = Kegr = S0 1s 1 1)2
5,55565 +1 40
K.y (5)G(s) = 2
(8)G) = o055 11 s(0,1s + 1)
R(s) Kc > Gat G(S) > C(s)

Figura 113: Diagrama de blocos do sistema compensado por atraso de fase

B 2,2225 4+ 0,4
©0,01202s% 4 0, 240453 + 1,20452 + 0, 01s

KGau(s)G(s)

Bode Diagram
Gm =-7.96 dB (at 10 rad/s), Pm =-23.2 deg (at 15.2 rad/s)
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-135
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Figura 114: Diagrama de Bode do sistema sem compensagao
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Nyquist Diagram
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Figura 115: Diagrama de Nyquist do sistema sem compensacao
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Figura 116: Resposta do sistema ao degrau unitario sem compensacao
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Linear Simulation Results
2000 T T T T T T

1500 -

1000 -

500 -

-500 -

Amplitude

-1000 -

-1500 -

-2000 -

-2500

3000 I 1 1 I I I I I 1
0 0.5 1 1.5 2 2:5 3 3.5 4 4.5 5

Time (seconds)

Figura 117: Resposta do sistema a rampa unitaria sem compensagao
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Figura 118: Diagrama de Bode do sistema com ajuste de ganho

73



Nyquist Diagram
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Figura 119: Diagrama de Nyquist do sistema com ajuste de ganho
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Figura 120: Resposta do sistema ao degrau unitario com ajuste de ganho
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Linear Simulation Results
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Figura 121: Resposta do sistema a rampa unitaria com ajuste de ganho
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Figura 122: Diagrama de Bode do sistema com avanco de fase
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Nyquist Diagram
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Figura 123: Diagrama de Nyquist do sistema com avanco de fase
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Figura 124: Resposta do sistema ao degrau unitario compensado por avanco
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Linear Simulation Results
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Figura 125: Resposta do sistema a rampa unitaria compensado por avanco
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Figura 126: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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Nyquist Diagram
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Figura 127: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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Figura 128: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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Linear Simulation Results
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Figura 129: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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9 Exercicio

9.1
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9.3
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10 Exercicio
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Figura 130: Diagrama de blocos do sistema com ganho ajustado

10
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10.3 Fator de atenuacao
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Figura 131: Frequéncia de defasagem maxima

wm ~ 3rad/s

10.4 Polos e zeros do compensador
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10.5 Compensador por avanco de fase

Ts+1 0,5
Kc av G = Kc :
Ga(8)Gs) = Ke T S 7 10,55 1 1)

0,5774s + 1 0,5
0,19255 + 1 s(s+1)(0,5s 4+ 1)

K.Ga(5)G(s) = 20

R(s) K 2 Gy G(s) > C(s)

Figura 132: Diagrama de blocos do sistema controlado por avancgo de fase
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10.6 Angulo de avanco
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10.7 Fator de atenuacao
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Bode Diagram
Gm=-332 dB (at 25 rad/s) , Pm=-8.14 deq (at 3.02 rad/s)
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Figura 133: Frequéncia de defasagem maxima

wm ~ 4,49rad/s

10.8 Polos e zeros do compensador

1 1
w \/szTQ 2 Wm/ 0o
Ty = L =0, 5396
27 4,490, 1704

T, = 0,5396 (zero)
axTy = 0,09193  (polo)

10.9 Compensador por avanco-avanco de fase
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R(s) Ke 2 Gav G,, [ G(s) > C(s)

Figura 134: Diagrama de blocos do sistema controlado por avango-avango
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Figura 135: Diagrama de Bode do sistema sem compensagao
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Nyquist Diagram

10 T T T T T T
0dB

'
N
O
o

Imaginary Axis

2+

4k

B

10 I 1 1 I i I I I 1
-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

Real Axis

Figura 136: Diagrama de Nyquist do sistema sem compensacao
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Figura 137: Resposta do sistema ao degrau unitario sem compensacao
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Linear Simulation Results
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Figura 138: Resposta do sistema a rampa unitaria sem compensagao

Bode Diagram
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Figura 139: Diagrama de Bode do sistema com ajuste de ganho
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Nyquist Diagram
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Figura 140: Diagrama de Nyquist do sistema com ajuste de ganho
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Figura 141: Resposta do sistema ao degrau unitario com ajuste de ganho
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Linear Simulation Results
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Figura 142: Resposta do sistema a rampa unitaria com ajuste de ganho
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Figura 143: Diagrama de Bode do sistema com avanco de fase
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Nyquist Diagram
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Figura 144: Diagrama de Nyquist do sistema com avanco de fase
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Figura 145: Resposta do sistema ao degrau unitario compensado por avanco
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Linear Simulation Results
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Figura 146: Resposta do sistema a rampa unitaria compensado por avanco

Bode Diagram
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Figura 147: Diagrama de Bode do sistema com avanco-avanco de fase
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Nyquist Diagram
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Figura 148: Diagrama de Nyquist do sistema com avanco-avanco de fase
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Linear Simulation Results
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Figura 150: Resposta do sistema a rampa unitaria compensado por avango-avanco

Bode Diagram

-
[%,] (=]
< (=] (=]

Magnitude (dB)
s &
(=] [=]

-150

2200 Ll Ll Ll |
-80

-135+ B

-180+ =

Phase (deg)

7225 =

270k | Ll Ll Rl v r———
10" 10° 10' 10 10
Frequency (rad/s)

Figura 151: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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Nyquist Diagram
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Figura 152: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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Figura 153: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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Linear Simulation Results
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Figura 154: G(s) (azul) - K..G(s) (vermelho) - K..G 4 (s).G(s) (preto)
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A Rotinas em Matlab

A.1 Exercicio

clc
close all
clear all

% Requisitos do sistema

Mp = 0.1;
ess = 0.005;
ts = 1;

% Sistema sem compensacao

num = 0.0374;

den = conv([0.01 1 0], [0.657 11);
Sys = tf (num, den)

sysMF = feedback (sys,1)

t = 0:0.01:5;

[

% Diagrama de Bode do sistema sem compensacao
figure (1)

margin (sys)

print ('EX1-DBMA', '-djpeg')

figure (2)

nyquist (sys)

grid on

print ('EX1-DNMA', '-djpeg')

figure (3)

step (sysMF)

S1 = stepinfo(feedback(sys, 1), 'RiseTimelLimits"', [0.02,0.981]);
Mpl = Sl1.Overshoot;

tsl = Sl.SettlingTime;

title(['Mp=",num2str (Mpl), ' ts=', num2str(tsl)]);

print ('EX1-Step', '-djpeg')

figure (4)
lsim(sysMF,t,t)
print ('EX1-Ramp', '-djpeg')

% Sistema com ganho ajustado
K = 200/0.0374;

numKc = Kxnum;
denKc = den;
sysKc = tf (numKc, denKc)

sysKcMF = feedback (sysKc, 1)
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% Diagrama de Bode do sistema com ganho ajustado
figure (5)

margin (sysKc)

print ('EX1-DBMA_Kc', '-djpeg')

% Resposta ao degrau do sistema com ganho ajustado
[Gm, Pm,Wg,Wp] = margin (sysKc);

figure (6)

nyquist (sysKc)

grid on

print ('EX1-DNMA_Kc', '-djpeg’)

figure (7)

step (sysKcMF)

S2 = stepinfo (feedback(sysKc,1), 'RiseTimeLimits', [0.02,0.98]);
Mp2 = S2.0vershoot;

ts2 = S52.SettlingTime;

title(['Mp=",num2str (Mp2), ' ts="', num2str(ts2)]);

print ('EX1-Step_Kc', '-djpeg')

figure (8)
lsim(sysKcMF, t,t)
print ('EX1-Ramp_Kc', '-djpeg’)

% Projeto do controlador por atraso

qui = -log(Mp)/ (sgrt (pi”2 + (log(Mp))"2));

Mfase = atan( 2*qui/ (sqrt (-2+qui”2 + sqrt(l + 4xqui”4))) )*(180/pi);
tolerancia = 12;

phi_n = -180 + 30 + tolerancia;

wn = 1.65;

ganhol = 38.3;
beta = 10" (ganhol/20);

% Calculo do T1
Tat = 10/wn;

numat = [Tat 11];

denat = [betaxTat 1];

sysat = tf (numat,denat)

sysparcial = tf(series(sysKc,sysat))

sysparcialMF = feedback (sysparcial,l)
figure (9)

margin (sysparcial);
print ('EX1-DBMA_Gat', '-djpeg’)
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figure (10)

nyquist (sysparcial)

grid on

print ('EX1-DNMA_Gat', '-djpeg')

figure (11)

step (sysparcialMF)

S3 = stepinfo(feedback (sysparcial,l), 'RiseTimelLimits', [0.02,0.981);
Mp3 = S3.0vershoot;

ts3 S3.SettlingTime;

title(['Mp=",num2str (Mp3), ' ts=', num2str(ts3)]);

print ('EX1-Step_Gat', '-djpeg’)

figure (12)
lsim(sysparcialMF,t,t)
print ('EX1-Ramp_Gat', '-djpeg')

% Projeto do controlador por avango

Pm = 36;

phi_m = Mfase - Pm + tolerancia;

alpha = (1 - sin(phi_m*pi/180))/(1 + sin(phi_m*pi/180));
ganho2 = -20x1ogl0(1/sqgrt (alpha));

wm = 2.45;

% Calculo do T
Tav = 1/ (wm*sqgrt (alpha));

numav = [Tav 1];

denav = [alphaxTav 1];

sysav = tf (numav,denav)

sysfinal = tf(series(sysparcial, sysav))

sysfinalMF = feedback(sysfinal,l)

figure (13)
margin(sysfinal);
print ('EX1-DBMA_Gat_av', '-djpeg')

figure (14)

nyquist (sysfinal)

grid on

print ('EX1-DNMA_Gat_av', '-djpeg')

figure (15)

step (sysfinalMF)
S4 = stepinfo(feedback(sysfinal,l), 'RiseTimelLimits', [0.02,0.981]);
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Mp4 = S4.0Overshoot;

tsd4d = S4.SettlingTime;

title(['Mp=",num2str (Mp4), ' ts=', num2str(tsd)]);
print ('EX1-Step_Gat_av', '-djpeg')

figure (16)
lsim(sysfinalMF, t,t)
print ('EX1-Ramp_Gat_av', '-djpeg"')

figure (17)

bode (sys, 'b")

hold on

bode (sysKc, 'v")

bode (sysparcial, 'r'")

bode (sysfinal, 'k")

print ('EX1-DBMA_compare', '-djpeg')

figure (18)

nyquist (sys, 'b")

hold on

nyquist (sysKc, 'v"')

nyquist (sysparcial, 'r'")

nyquist (sysfinal, 'k")

print ('EX1-DNMA_compare', '-djpeg')

figure (19)

step (sysMF, 'b'")

hold on

step (sysKcMF, 'yv')
step(sysparcialMF, 'r')
step(sysfinalMF, 'k'")

print ('EX1-Step_compare', '-djpeg’)

figure (20)

lsim(sysMF, 'b',t,t)

hold on

lsim(sysKc, 'y',t,t)
lsim(sysparcial, 'r',t,t)
lsim(sysparcialMF, 'k',t,t)

print ('EX1-Ramp_compare', '-djpeg')
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A.2 Exercicio

clc

close all

clear all

% Requisitos do sistema
ess = 0.005;

Mfase = 45;

% Sistema sem compensacgao

num = 0.0374;
den = conv([0.01 1 0],[0.657 1]);
sSys = tf (num, den)

sysMF = feedback (sys, 1)
t 0:0.01:5;

[

% Diagrama de Bode do sistema sem compensagao
figure (1)

margin (sys)

print ('EX2-DBMA', '-djpeg')

figure (2)

nyquist (sys)

grid on

print ('EX2-DNMA', '-djpeg')

figure (3)

step (sysMF)

S1 = stepinfo(feedback(sys, 1), 'RiseTimelLimits"', [0.02,0.981]);
Mpl = S1l.Overshoot;

tsl = Sl.SettlingTime;

title(['Mp=",num2str (Mpl), ' ts=', num2str(tsl)]);

print ('EX2-Step', '-djpeg')

figure (4)
lsim(sysMF,t,t);
print ('EX2-Ramp', '-djpeg')

% Sistema com ganho ajustado mas nao compensado
K = 200/0.0374;

numKc = Kx¥num;

denKc = den;

sysKc = tf (numKc, denKc)
sysKcMF = feedback (sysKc, 1)

% Diagrama de Bode do sistema com ganho ajustado
figure (5)

margin (sysKc)

print ('EX2-DBMA_Kc', '-djpeg')
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% Resposta ao degrau do sistema com ganho ajustado
[Gm, Pm, Wg, Wp] = margin (sysKc);

figure (6)

nyquist (sysKc)

grid on

print ('EX2-DNMA_Kc', '-dijpeg’)

figure (7)

step (sysKcMF)

S2 = stepinfo(feedback (sysKc,1), 'RiseTimeLimits', [0.02,0.98]);
Mp2 = S2.0Overshoot;

ts2 = S2.SettlingTime;

title(['Mp=",num2str (Mp2), ' ts=', num2str(ts2)]);

print ('EX2-Step_Kc', '-djpeg')

figure (8)

lsim(sysKcMF,t,t);

print ('EX2-Ramp_Kc', '-djpeg')

% Projeto do controlador

tole = 10;

Pm = -4.77; % Diagrama de bode com ganho ajustado
phi_m = Mfase - Pm + tole;

alpha = (1 - sin(phi_m*pi/180))/(1 + sin(phi_m*pi/180));
atenuacao = -20%1ogl0(1/sqgrt (alpha));
wm = 32.7;

% Calculo do T
T = 1/ (wm*sqgrt (alpha));

numav = [T 171;

denav = [alphax*T 1];

sysav = tf (numav, denav)

sysfinal = tf (series(sysKc, sysav))
sysfinalMF = feedback(sysfinal,l)

figure (9)
margin (sysfinal);
print ('EX2-DBMA_Gav', '-djpeg’)

figure (10)

nyquist (sysfinal)

grid on

print ('EX2-DNMA_Gav', '-djpeg’)
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figure (11)

step(sysfinalMF)

S3 = stepinfo(feedback(sysfinal,l), 'RiseTimelLimits', [0.02,0.981);
Mp3 = S3.0Overshoot;

ts3 = S3.SettlingTime;

title ([ "Mp=", num2str (Mp3), ' ts=', num2str(ts3)]);

print ('EX2-Step_Gav', '-djpeg’)

figure (12)
lsim(sysfinalMF,t,t);
print ('EX2-Ramp_Gav', '-djpeg')

figure (13)

bode (sys, 'b")

hold on

bode (sysKc, 'r'")

bode (sysfinal, 'k")

print ('EX2-DBMA_compare', '-djpeg')

figure (14)

nyquist (sys, 'b'")

hold on

nyquist (sysKc, 'r'")

nyquist (sysfinal, 'k")

print ('EX2-DNMA_compare', '-djpeg')

]

figure (15)

step(sysMF, 'b'")

hold on

step (sysKcMF, '"r')
step(sysfinalMF, 'k'")

print ('EX2-Step_compare', '-djpeg’)

figure (16)

lsim(sysMF, 'b',t,t);

hold on

lsim(sysKcMF, 'r',t,t);
lsim(sysfinalMF, 'k',t,t);

print ('EX2-Ramp_compare', '-djpeg')
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A.3 Exercicio
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A.4 Exercicio

clc

close all

clear all

% Requisitos do sistema
ess = 0.01;

Mp = 0.05;
tr = 0.02;
ts = 0.02;

% Sistema sem compensacao

num = 2500;

den = [1 25 07;

sSys = tf (num, den)
sysMF = feedback (sys, 1)
t = 0:0.01:5;

[)

% Diagrama de Bode do sistema sem compensagao
figure (1)

margin (sys)

print ('EX4-DBMA', '-djpeg')

figure (2)

nyquist (sys)

grid on

print ('EX4-DNMA', '-djpeg')

figure (3)

step (sysMF)

S1 = stepinfo(feedback(sys,1l), 'RiseTimelLimits"', [0.02,0.981);
Mpl = S1.0Overshoot;

tsl = S1.SettlingTime;

title(['Mp=",num2str (Mpl), ' ts="', num2str(tsl)]);

print ('EX4-Step', '-djpeg')

figure (4)

lsim(sysMF,t,t);

print ('EX4-Ramp', '-djpeg')

% Sistema com ganho ajustado mas nao compensado

K = 1;

numKc = Kxnum;

denKc = den;

sysKc = tf (numKc, denKc)
sysKcMF = feedback (sysKc, 1)

% Diagrama de Bode do sistema com ganho ajustado
figure (5)
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margin (sysKc)
print ('EX4-DBMA_Kc', '-djpeg’)

% Resposta ao degrau do sistema com ganho ajustado
[Gm, Pm, Wg, Wp] = margin (sysKc);

figure (6)

nyquist (sysKc)

grid on

print ('EX4-DNMA_Kc', '-dijpeg’)

figure (7)

step (sysKcMF)

S2 = stepinfo(feedback(sysKc,1l), 'RiseTimeLimits', [0.02,0.981]);
Mp2 = S2.0Overshoot;

ts2 = S2.SettlingTime;

title(['Mp=",num2str (Mp2), ' ts=', num2str(ts2)]);

print ('EX4-Step_Kc', '-dijpeg’)

figure (8)

lsim(sysKcMF,t,t);

print ('EX4-Ramp_Kc', '-djpeg’)

% Projeto do controlador

qui = -log (Mp)/ (sgrt (pi*2 + (log(Mp))"2));

% Mfase = atan( 2*qui/ (sgrt (-2+xqui”2 + sqgrt(l + 4xqui”4))) )=*(180/pi);
Mfase = 100xqui;

tole = 5;
Pm = 28; % Diagrama de bode com ganho ajustado
phi_m = Mfase - Pm + tole;

alpha = (1 - sin(phi_m*pi/180))/(1 + sin(phi_m*pi/180));
atenuacao = -20%1ogl0(1/sqgrt (alpha));
wm = 76.7;

% Calculo do T
T = 1/ (wmxsqgrt (alpha));

numav [T 17;
denav = [alphaxT 1];
sysav tf (numav, denav)

sysfinal = tf (series(sysKc, sysav))
sysfinalMF feedback (sysfinal, 1)

figure (9)
margin (sysfinal);
print ('EX4-DBMA_Gav', '-djpeg’)
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figure (10)

nyquist (sysfinal)

grid on

print ('EX4-DNMA_Gav', '-djpeg')

figure (11)

step(sysfinalMF)

S3 = stepinfo(feedback(sysfinal,l), 'RiseTimelLimits', [0.02,0.981);
Mp3 = S3.0vershoot;

ts3 S3.SettlingTime;

title(['Mp=",num2str (Mp3), ' ts=', num2str(ts3)]);

print ('EX4-Step_Gav', '-djpeg’)

figure (12)
lsim(sysfinalMF,t,t);
print ('EX4-Ramp_Gav', '-djpeg')

figure (13)

bode (sys, 'b'")

hold on

bode (sysKc, 'r'")

bode (sysfinal, 'k")

print ('EX4-DBMA_compare', '-djpeg')

figure (14)

nyquist (sys, 'b")

hold on

nyquist (sysKc, 'r'")

nyquist (sysfinal, 'k")

print ('EX4-DNMA_compare', '-djpeg')

figure (15)

step(sysMF, 'b'")

hold on

step (sysKcMF, "r')
step(sysfinalMF, "'k')

print ('EX4-Step_compare', '-djpeg’)

figure (16)

lsim(sysMF, 'b',t,t);

hold on

lsim(sysKcMF, 'r',t,t);
lsim(sysfinalMF, 'k',t,t);

print ('EX4-Ramp_compare', '-djpeg')

108



A.5 Exercicio

clc
close all
clear all

% Requisitos do sistema
Mp = 0.05;
ts = 5;

% Sistema sem compensacao
num = 16x[1 17;

den = conv ([l 0], [1 2 16]);
sSys tf (num, den)

sysMF = feedback (sys,1)

t = 0:0.01:5;

[

% Diagrama de Bode do sistema sem compensagao
figure (1)

margin (sys)

print ('EX5-DBMA', '-djpeg')

figure (2)

nyquist (sys)

grid on

print ('EX5-DNMA', '-djpeg')

figure (3)
step (sysMF)
S1 = stepinfo(feedback(sys, 1), 'RiseTimelLimits', [0.02,0.981]1);
Mpl = S1l.Overshoot;

tsl = Sl.SettlingTime;

title(["Mp=", num2str (Mpl), ' ts=', num2str(tsl)]);
print ('EX5-Step', '-djpeg")

figure (4)
lsim(sysMF,t,t)
print ('EX5-Ramp', '-djpeg')

[

% Projeto do controlador

qui = -log(Mp)/ (sqrt (pi*2 + (log(Mp))"2));

Mfase = atan( 2xqui/ (sqrt( sgrt(l + 4*qui”4) - 2xqui”™2 )) ) (180/pi);
tole = 9;

Pm = 30.2; % Diagrama de bode com ganho ajustado

phi_m = Mfase - Pm + tole;

alpha (1 - sin(phi_m*pi/180))/(1 + sin(phi_m*pi/180));
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atenuacao = -20x1ogl0(1/sgrt (alpha));
wm = 7.13;

% Calculo do T
T = 1/ (wm*sqgrt (alpha));

numc = [T 1];

denc = [alphax*T 1];

sysc = tf (numc,denc)

sysfinal = tf(series(sys,sysc))

sysfinalMF = feedback (sysfinal,1l)

figure (5)
margin(sysfinal);
print ('EX5-DBMA_Gav', '-djpeg')

figure (6)

nyquist (sysfinal)

grid on

print ('EX5-DNMA_Gav', '-djpeg')

figure (7)

step(sysfinalMF)

S2 = stepinfo(feedback(sysfinal,l), 'RiseTimelLimits', [0.02,0.981);
Mp2 = S2.0vershoot;

ts2 = S52.SettlingTime;

title(['Mp='",num2str (Mp2), ' ts="', num2str(ts2)]);

print ('EX5-Step_Gav', '-djpeg’)

figure (8)
lsim(sysfinalMF, t,t)
print ('EX5-Ramp_Gav', '-djpeg’)

figure (9)

bode (sys, 'b")

hold on

bode (sysfinal, 'k")

print ('EX5-DBMA_compare', '-djpeg')

figure (10)

nyquist (sys, 'b")

hold on

nyquist (sysfinal, 'k")

print ('EX5-DNMA_compare', '-djpeg')

figure (11)
step(sysMF, 'b'")

hold on
step(sysfinalMF, 'k'")
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print ('EX5-Step_compare', '-djpeg')

figure (12)

lsim(sysMF, 'b',t,t)
hold on

lsim(sysfinalMF, 'k',t,t)

print ('EX5-Ramp_compare', '-djpeg')

111



A.6 Exercicio

clc

close all

clear all

% Requisitos de Projeto
ess = 0.1;

qui = 0.707;

% Sistema sem compensacgao

num = 1;

den = conv ([l 10 O], [1 14]);
sSys = tf (num, den)

sysMF = feedback (sys,1)

t = 0:0.01:5;

[

% Diagrama de Bode do sistema sem compensagao
figure (1)

margin (sys)

print ('EX6-DBMA', '-djpeg')

figure (2)

nyquist (sys)

grid on

print ('EX6-DNMA', '-djpeg')

figure (3)

step (sysMF)

S1 = stepinfo(feedback(sys, 1), 'RiseTimelLimits"', [0.02,0.981]);
Mpl = S1l.Overshoot;

tsl = Sl.SettlingTime;

title(['Mp=",num2str (Mpl), ' ts=', num2str(tsl)]);

print ('EX6-Step', '-djpeg')

figure (4)
lsim(sysMF,t,t)
print ('EX6-Ramp', '-djpeg')

% Sistema com ganho ajustado mas nao compensado
K = 1400;

numKc = Kx¥num;

denKc = den;

sysKc = tf (numKc, denKc)
sysKcMF = feedback (sysKc,1);

% Diagrama de Bode do sistema com ganho ajustado
figure (5)

margin (sysKc)

print ('EX6-DBMA_Kc', '-dijpeg’)
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% Resposta ao degrau do sistema com ganho ajustado
[Gm, Pm,Wg,Wp] = margin (sysKc);

figure (6)

nyquist (sysKc)

grid on

print ('EX6-DNMA_Kc', '-djpeg’)

figure (7)

step (sysKcMF)

S2 = stepinfo (feedback (sysKc,1), 'RiseTimeLimits', [0.02,0.98])
Mp2 = S2.0Overshoot;

ts2 = S2.SettlingTime;

title(['Mp=",num2str (Mp2), ' ts=', num2str(ts2)]);

print ('EX6-Step_Kc', '-djpeg')

figure (8)
lsim(sysKcMF, t,t)
print ('EX6-Ramp_Kc', '-djpeg')

[

% Projeto do controlador

tolerancia = 5;

Mfase = atan( 2+qui/ (sqgrt( sqrt(l + 4*qui™d) - 2xqui”2
phi_m = Mfase - 180 + tolerancia;

wn = 2.09; $rad/s

atenuacao = 13.3; %$dB

beta = 10" (atenuacao/20) ;

% Calculo do T

T = 10/wn;

numAt = [T 1];

denAt = [betaxT 11];
sysAt = tf (numAt,denAt)

sysfinal tf (series (sysKc, sysAt))
sysfinalMF = feedback(sysfinal,l)

figure (9)
margin(sysfinal);
print ('EX6-DBMA_Gat', '-djpeg')

figure (10)
nyquist (sysfinal)
grid on

print ('EX6-DNMA_Gat', '-djpeg')

figure (11)
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step (sysfinalMF)

S3 = stepinfo(feedback(sysfinal,l), 'RiseTimelLimits', [0.02,0.98]);
Mp3 = S3.0vershoot;

ts3 = S3.SettlingTime;

title ([ "Mp=", num2str (Mp3), ' ts=', num2str(ts3)]);

print ('EX6-Step_Gat', '-djpeg')

figure (12)
lsim(sysfinalMF, t,t)
print ('EX6-Ramp_Gat', '-djpeg’)

figure (13)

bode (sys, 'b")

hold on

bode (sysKc, 'r'")

bode (sysfinal, 'k")

print ('EX6-DBMA_compare', '-djpeg')

figure (14)

nyquist (sys, 'b")

hold on

nyquist (sysKc, 'r')

nyquist (sysfinal, 'k")

print ('EX6-DNMA_compare', '-djpeg')

]

figure (15)

step (sysMF, 'b'")

hold on

step (sysKcMF, '"r')
step(sysfinalMF, 'k'")

print ('EX6-Step_compare', '-djpeg')

figure (16)

lsim(sysMF, 'b',t,t)

hold on

lsim(sysKcMF, 'r',t,t)
lsim(sysfinalMF, 'k',t,t)

print ('EX6-Ramp_compare', '-djpeg’)
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A.7 Exercicio

clc

close all

clear all

% Requisitos do sistema
ess = 0.01;

Mr = 3.5;

wr = 1.4,

% Sistema sem compensacgao

num = 10x[-1 40];

den = conv ([l 10 0 01, [1 401);
sSys = tf (num, den)

sysMF = feedback (sys, 1)

t = 0:0.01:5;

[

% Diagrama de Bode do sistema sem compensacgao
figure (1)

margin (sys)

print ('EX7-DBMA', '-djpeg')

figure (2)

nyquist (sys)

grid on

print ('EX7-DNMA', '-djpeg')

figure (3)

step (sysMF)

S1 = stepinfo(feedback(sys,1l), 'RiseTimelLimits', [0.02,0.981);
Mpl = S1.Overshoot;

tsl = Sl.SettlingTime;

title(['Mp=",num2str (Mpl), ' ts=', num2str(tsl)]);

print ('EX7-Step', '-djpeg")

figure (4)

lsim(sysMF,t,t)

print ('EX7-Ramp', '-djpeg')

% Projeto do controlador

qui = sgrt( (1 - sqgrt(l - 1/(Mr"2) ) )/2 );

Mfase = atan( 2xqui/ (sqrt (-2+«qui”2 + sqgrt(l + 4*qui”4))) )=*(180/pi);
tole = 5;

Pm = -8.55; % Diagrama de bode com ganho ajustado

phi_m = Mfase - Pm + tole;

alpha (1 — sin(phi_m*pi/180))/(1 + sin(phi_m*pi/180));
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atenuacao = -20x1ogl0(1/sgrt (alpha));
wm = 1.31;

% Calculo do T
T = 1/ (wm*sqgrt (alpha));

numav = [T 1];

denav = [alphaxT 1];

sysav = tf (numav,denav)

sysfinal = tf(series(sys, sysav))

sysfinalMF = feedback (sysfinal,1l)

figure (5)
margin(sysfinal);
print ('EX7-DBMA_Gav', '-djpeg')

figure (6)

nyquist (sysfinal)

grid on

print ('EX7-DNMA_Gav', '-djpeg')

figure (7)

step (feedback (sysfinal, 1))

S2 = stepinfo(feedback(sysfinal,l), 'RiseTimelLimits', [0.02,0.981);
Mp2 = S2.0vershoot;

ts2 = S52.SettlingTime;

title(['Mp='",num2str (Mp2), ' ts="', num2str(ts2)]);

print ('EX7-Step_Gav', '-djpeg’)

figure (8)
lsim(sysMF,t,t)
print ('EX7-Ramp_Gav', '-djpeg’)

figure (9)

bode (sys, 'b")

hold on

bode (sysfinal, 'k")

print ('EX7-DBMA_compare', '-djpeg')

figure (10)

nyquist (sys, 'b")

hold on

nyquist (sysfinal, 'k")

print ('EX7-DNMA_compare', '-djpeg')

figure (11)
step(sysMF, 'b'")

hold on
step(sysfinalMF, 'k'")
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print ('EX7-Step_compare', '-djpeg')

figure (12)

lsim(sysMF, 'b',t,t)
hold on

lsim(sysfinalMF, 'k',t,t)

print ('EX7-Ramp_compare', '-djpeg')
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A.8 Exercicio

clc

close all

clear all

% Requisitos de Projeto
ess = 0.025;

qui = 0.7;

Mp = 0.05;

[

% Sistema sem compensacgao

numl = 5;

denl = [0.1 1];

sysl = tf(numl,denl)

num2 = 1;

den2 = [0.001 0.01 0];

sys2 = tf(num2,den2)

Sys = series(sysl,0.1lxsys2)
sysMF = feedback (sys,1)

t = 0:0.01:5;

[

% Diagrama de Bode do sistema sem compensacgao
figure (1)

margin (sys)

print ('EX8-DBMA', '-djpeg')

figure (2)

nyquist (sys)

grid on

print ('EX8-DNMA', '-djpeg')

figure (3)

step (sysMF)

S1 = stepinfo(feedback(sys,1l), 'RiseTimelLimits', [0.02,0.981]);
Mpl = Sl1.Overshoot;

tsl = Sl.SettlingTime;

title(['Mp=",num2str (Mpl), ' ts=', num2str(tsl)]);

print ('EX8-Step', '-djpeg')

figure (4)
lsim(sysMF,t,t)
print ('EX8-Ramp', '-djpeg')

% Sistema com ganho ajustado mas nao compensado
K = 0.8;

sysKc = Kxsys

sysKcMEF = feedback (sysKc,1);

[

% Diagrama de Bode do sistema com ganho ajustado
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figure (5)
margin (sysKc)
print ('EX8-DBMA_Kc', '-dijpeg’)

% Resposta ao degrau do sistema com ganho ajustado
[Gm, Pm,Wg,Wp] = margin (sysKc);

figure (6)

nyquist (sysKc)

grid on

print ('EX8-DNMA_Kc', '-dijpeg')

figure (7)

step (sysKcMF)

S2 = stepinfo(feedback(sysKc,1l), 'RiseTimeLimits', [0.02,0.98]);
Mp2 = S2.0vershoot;

ts2 = S52.SettlingTime;

title(['Mp=",num2str (Mp2), ' ts=', num2str(ts2)]);

print ('EX8-Step_Kc', '-dijpeg’)

figure (8)
lsim(sysKcMF,t,t)
print ('EX8-Ramp_Kc', '-djpeg’)

% Projeto do controlador

tolerancia = 5;

Mfase = atan( 2+«qui/ (sgrt( sqgrt(l + 4*qui™d) — 2xqui”2 )) )= (180/pi);
phi_m = Mfase - 180 + tolerancia;

wn =1.8; $rad/s

atenuacao = 26.7; %dB

beta = 10" (atenuacao/20);

% Calculo do T

T = 5/wn;
numAt = [T 11];
denAt = [betax*T 17];

sysAt = tf (numAt,denAt)

sysfinal tf (series (sysKc, sysAt))
sysfinalMF = feedback(sysfinal,l)

figure (9)
margin(sysfinal);
print ('EX8-DBMA_Gat', '-dijpeg’)

figure (10)

nyquist (sysfinal)
grid on
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print ('EX8-DNMA_Gat', '-djpeg')

figure (11)

step(sysfinalMF)

S3 = stepinfo (feedback(sysfinal,l), 'RiseTimeLimits', [0.02,0.98]);
Mp3 = S3.0vershoot;

ts3 = S3.SettlingTime;

title(['Mp=",num2str (Mp3), ' ts=', num2str(ts3)]);

print ('EX8-Step_Gat', '-djpeg')

figure (12)
lsim(sysfinalMF, t,t)
print ('EX8-Ramp_Gat', '-djpeg’)

figure (13)

bode (sys, 'b")

hold on

bode (sysKc, 'r'")

bode (sysfinal, 'k")

print ('EX8-DBMA_compare', '-djpeg')

figure (14)

nyquist (sys, 'b")

hold on

nyquist (sysKc, 'r'")

nyquist (sysfinal, 'k")

print ('EX8-DNMA_compare', '-djpeg')

figure (15)

step (sysMF, 'b")

hold on

step (sysKcMF, 'r'")
step(sysfinalMF, 'k'")

print ('EX8-Step_compare', '-djpeg')

figure (16)

lsim(sysMF, 'b',t,t)

hold on

lsim(sysKcMF, 'r',t,t)
lsim(sysfinalMF, 'k',t,t)

print ('EX8-Ramp_compare', '-djpeg’')
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A.9 Exercicio
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A.10 Exercicio

clc

close all

clear all

% Requisitos do sistema
Kp = 9;

Mfase = 25;

% Sistema sem compensacgao

num = 0.5;

den = conv ([l 1 0],[0.5 11);
sSys = tf (num, den)

sysMF = feedback (sys,1)

t = 0:0.01:5;

[

% Diagrama de Bode do sistema sem compensagao
figure (1)

margin (sys)

print ('EX10-DBMA', '-djpeg')

figure (2)

nyquist (sys)

grid on

print ('EX10-DNMA', '-djpeg')

figure (3)

step (sysMF)

S1 = stepinfo(feedback(sys, 1), 'RiseTimelLimits"', [0.02,0.981]);
Mpl = S1l.Overshoot;

tsl = Sl.SettlingTime;

title(['Mp=",num2str (Mpl), ' ts=', num2str(tsl)]);

print ('EX10-Step', '-djpeg')

figure (4)
lsim(sysMF,t,t);
print ('EX10-Ramp', '-djpeg')

% Sistema com ganho ajustado mas nao compensado

K = 10/0.5;

numKc = Kx¥num;

denKc = den;

sysKc = tf (numKc, denKc)

sysKcMF feedback (sysKc, 1)

% Diagrama de Bode do sistema com ganho ajustado
figure (5)

margin (sysKc)

print ('EX10-DBMA_Kc', '-djpeg')
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% Resposta ao degrau do sistema com ganho ajustado
[Gm, Pm,Wg,Wp] = margin (sysKc);

figure (6)

nyquist (sysKc)

grid on

print ('EX10-DNMA_Kc', '-djpeg’)

figure (7)

step (sysKcMF)

S2 = stepinfo(feedback (sysKc,1), 'RiseTimeLimits', [0.02,0.98]);
Mp2 = S2.0Overshoot;

ts2 = S2.SettlingTime;

title(['Mp=",num2str (Mp2), ' ts=', num2str(ts2)]);

print ('EX10-Step_Kc', '-djpeg')

figure (8)
lsim(sysKcMF,t,t);
print ('EX10-Ramp_Kc', '-djpeg')

[

% Projeto do controlador

tolerancia = 12;

Pm = -28.1; % Diagrama de bode com ganho ajustado

phi_m = -10.1 - Pm + tolerancia;

alphal = (1 - sin(phi_m*pi/180))/(1 + sin(phi_m*pi/180));
ganhol = -20%10gl0(1/sqgrt (alphal));

wm = 3;

% Calculo do T
Tl = 1/ (wm*sqgrt (alphal));

numavl = [T1 1];
denavl [alphalxT1 1];
sysavl = tf (numavl,denavl)

sysparcial = tf(series (sysKc,sysavl))
sysparcialMF feedback (sysparcial, 1)

figure (9)
margin (sysparcial)
print ('EX10-DBMA_Gav', '-djpeg’)

figure (10)

nyquist (sysparcial)

grid on

print ('EX10-DNMA_Gav', '-djpeg’)
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figure (11)
step (sysparcialMF)

S3 = stepinfo (feedback (sysparcial,l), 'RiseTimelLimits', [0

Mp3 = S3.0Overshoot;

ts3 = S3.SettlingTime;

title ([ "Mp=", num2str (Mp3), ' ts=', num2str(ts3)]);
print ('EX10-Step_Gav', '-djpeg’)

figure (12)
lsim(sysparcialMF,t,t);
print ('EX10-Ramp_Gav', '-djpeg')

% Projeto do controlador por avango
Pm = -8.14; % Diagrama de bode com ganho ajustado
phi_m = Mfase - Pm + tolerancia;

alpha2 = (1 - sin(phi_mxpi/180))/(1 + sin(phi_mxpi/180)
ganho2 = -20%10gl0(1/sqgrt (alpha2));
wm = 4.49;

% Calculo do T
T2 = 1/ (wm*sqgrt (alpha2));

numav2 = [T2 11];
denav?2 [alpha2xT2 1];
sysavz2 = tf (numav2,denav?2)

sysfinal = tf (series(sysparcial, sysav2))
sysfinalMF feedback (sysfinal, 1)

figure (13)
margin (sysfinal);
print ('EX10-DBMA_Gav_av', '-djpeg')

figure (14)

nyquist (sysfinal)

grid on

print ('EX10-DNMA_Gav_av', '-djpeg')

figure (15)
step (sysfinalMF)

.02,0.981);

)

S4 = stepinfo(feedback(sysfinal,l), 'RiseTimelLimits', [0.02,0.98]);

Mp4 = S4.Overshoot;

tsd4d = S4.SettlingTime;

title(['Mp=",num2str (Mp4), ' ts="', num2str(tsd)]);
print ('EX10-Step_Gav_av', '-djpeg')

figure (16)
lsim(sysfinalMF,t,t);
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print ('EX10-Ramp_Gav_av', '-djpeg')

figure (17)

bode (sys, 'b'")

hold on

bode (sysKc, 'y ")

bode (sysparcial, 'r'")
bode (sysfinal, 'k")

print ('EX10-DBMA_compare', '-djpeg')

figure (18)

nyquist (sys, 'b")

hold on

nyquist (sysKc, 'yv")
nyquist (sysparcial, 'r'")
nyquist (sysfinal, 'k")

print ('EX10-DNMA_compare', '-djpeg')

figure (19)

step (sysMF, 'b'")

hold on

step (sysKcMF, 'yv"')
step(sysparcial, 'r'")
step(sysfinalMF, 'k'")

print ('EX10-Step_compare', '-djpeg’)

figure (20)

lsim(sysMF, 'b',t,t);
hold on

lsim(sysKcMF, 'y',t,t);

(
lsim(sysparcialMF, 'r',t,t);
lsim(sysfinalMF, 'k',t,t);

print ('EX10-Ramp_compare', '-djpeg')
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