OTOMATIK KONTROL MATLAB UYGULAMALARI

ORNEK1- Durum-uzay modeli asagida verilen bir kontrol sisteminin birim darbe cevabini

belirleyiniz.

el ALl e d

Sisteme iliskin MATLAB kodu ve sistemin birim-darbe cevabinin zamana bagh degisimi

asagida verilmistir.

X
X

2

}+[0]u

%Durum Uzay Modeli - Birim Darbe Cevabi
%MATLAB Program 1

A=[01;, -1-1];

B =[1:1];

C=[10];

D= [0];

impulse(A,B,C,D);

grid;

title(  'Birim-Darbe Cevabr’ )

Birim Darbe Cevabi

Amplitude

Time (sec)

ODEV: Yukarida verilen MATLAB kodunu Durum-uzay modeli asadida verilen sitsem igin

diizenleyerek sisteminin birim darbe cevabini belirleyiniz. Sonucu karsilastiriniz.
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ORNEK 2- Transfer Fonksiyonu verilen kontrol sisteminin birim darbe cevabini belirleyiniz.

C(s) =G(s) = 2
R(s) s°+0.3s+2
Sisteme iliskin MATLAB kodu ve sistemin birim-darbe cevabinin zamana bagl degisimi

asagida verilmistir.

%%Birim - darbe Cevabi

%MATLAB Program 2

num=[002];

den=[10.32];

impulse(num,den);

grid

title('G(s) = 2/(s"2 + 0.3s + 2) in Birim-Darbe Cev abi’)

G(s) = 2/(s? + 0.3s + 2) in Birim-Darbe Cevabi

Amplitude

Time (sec)

ODEV: Yukarida verilen MATLAB kodunu Transfer Fonksiyonu asadida verilen sitsem igin
diizenleyerek sisteminin birim darbe cevabini belirleyiniz. Sonucu karsilastiriniz.
C(s) _ 1

Y = G(S) :2—
R(S) $ +01s+1
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ORNEK 3- Transfer Fonksiyonu verilen kontrol sisteminin birim rampa cevabini belirleyiniz.

? = G(s) :2;
(s) s“+s+1

1
Birim-rampa girig icin R(S) =— oldugu dikkate alinirsa,
S

1 1_ 1 1
s?+s+1s® (s°+s+1)ss

C(s) =

2

Sisteme iliskin MATLAB kodu ve sistemin birim-rampa cevabinin zamana bagl degisimi
asagida verilmistir.

%%% - -- G(s)/s in Birim Rampa Cevabi
%MATLAB Program 3

num=[0001];

den=[1110];

t=0:0.1:6;

c=step(num,den,t);

plot(t,c,'0',t,t,"-");

grid

title('G(s) = I/(s"2 + s + 1) in Birim-Rampa Cevabi )
xlabel(’t (s)")

ylabel('Giris ve cikis')

G(s) = I/(s2 + s + 1) in Birim-Rampa Cevabi
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ORNEK 4- Durum-uzay modeli asagida verilen kontrol sisteminin
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Sistem dortlisline bagli olarak sistemin transfer fonksiyonu igin asagidaki matlab komutlari

a) transfer fonksiyvonunu belirleyiniz. G(s)

b) Bode diyagramini ciziniz

+[OJu

2
X2

L of

1U
1 ve Y

kullanilabilir.

=)
I
a]
on
Sl
TS
Q.
=
-~ <
TE
m o
— 0
< AL
c
<o
- °
o £
M =
< £
A A
AN

num

0 1.0000 2.0000

den

1.0000 1.0000 1.0000

S+ 2
s’ +s+1

_C( _
" R(S)

G(9)

b)

[111]; >>bode(num,den)

>> den

=[01 2];

>>num

Bode Diagram

(gp) spnuuben

(Bap) aseud

Frequency (rad/sec)
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ORNEK-5. Asagida verilen dif denklemi MATLAB komutlari yardimi ile ¢dziiniiz.

d?y _dy
+7—+5y=8u(t), t=0
dt? dt y ®

a) y(0)=0, y(0)=0
b) y(0)=1 y(0)=2

>> y=dsolve('D2y = -7*Dy-5*y+8', 'y(0) = 0, Dy(0) =0')

y =exp(1/2*(-7+297(1/2))*t)*(-28/145*297(1/2)-4/5)+exp(-
1/2*(7+4297(1/2))*t)*(28/145*29(1/2)-4/5)+8/5

>> y=dsolve('D2y = -7*Dy-5*y+8', 'y(0) = 1, Dy(0) = 2')

y =exp(1/2*(-7+297(1/2))*t)*(-1/290*297(1/2)-3/10)+exp(-
1/2*(7+297(1/2))*t)*(1/290*29(1/2)-3/10)+8/5

ORNEK 6. Asagida verilen ifadelerin Laplace Déniisiimlerini MATLAB komutlari ile bulunuz.

- S -1 —_ 9s+l
a)F(S)_s(s+2)(s+6) oY F(S) s’(s+5) o F (s> +2s+9)

a) >>symss

f=s/(s*((s +2)*(s + 6)));
ilaplace(f)

ans =1/2*exp(-4*t)*sinh(2*t)

b)

>>syms s
f=1/((s"2)*(s +5));
ilaplace(f)

ans =1/5*t-2/25*exp(-5/2*t)*sinh(5/2*t)
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c)

>>syms s
f=(3*s+1)/(s"2+2*s+9);
ilaplace(f)

ans =3*exp(-t)*cos(2*2/(1/2)*t)-1/2*27(1/2)*exp(-t)*sin(2*2/(1/2)*t)

Ornek-7:Sekilde verilen birim geri beslemeli kontrol sistminin step cevabini MATLAB
kullanarak belirleyiniz.

G() = C(s) _ 30(s* —-5s+3)
R(s) (s+D(s+2)(s+4)(s+5)
R(s) E(s o SS)
B(s)
L H(s)=1 ————
%0rnek2(7)

%MATLAB Program

>> num = 30*[1 -5 3];
den = poly([-1 -2 -4 -5]);
G = tf(num,den);

T = feedback(G,1)
step(T)

Transfer function:
30s7"2-150s+90

sMM+12sh"3+79s7M2-72s+130
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Step Responze

Amplitude

- 0 0.5 1 15 2 25 3 35 4 45 S
Time [zec)

Ornek-8 :Verilen transfer cevaba iliskin birim rampa cevabi MATLAB ile belirleyiniz.

C(s) _ 1

G(s) = =
(s) R(s) 3s*+2s+1

%0rnek2(8)

%MATLAB Program

%Unit-ramp response

>>num =[001];

>>den=[321];

>>t=0:0.1:10;

>>r=t;

>>y = Isim(num, den, r, t);

>> plot(t, r, -, t, y, '0')

>> grid

>> title('Unit-ramp response')

>> xlabel('t Sec')

>> ylabel('Unit-ramp input and output')
>> text(1.0, 4.0, 'Unit-ramp input')
>> text(5.0, 2.0, 'Output’)
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Unit-ramp input and output
(8]

Ornek:9 Asagida verilen Transfer Fonksiyonunun temsil ettigi sistemin Durum-Uzay

nit-ramp response

gosterimini MATLAB ile bulunuz.

_C(s) _ 35s+7

G(s
() R(s) s®+5s”+36s+7

T ! T ! T ! T !
U T S O %
PO O S O, S
B T AU 0
"""""""
1] 1 2 3 4 =) = 7 9 10

% MATLAB program
%0rnek3(9)

>>num =[00357];

>>den=[15367];

>> g = tf(num,den)

Transfer function:
35s+7

sN3+5sM2+36s+7

>> [A, B, C, D] = tf2ss(num, den)
A=

-5 -36 -7

1 0 O

0 1 0
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X, -5 =36 -7|x 1
1 O O ||X,|+|0]u
X, 0 1 0 |x] |O

y=[0 35 7] x,|+[0Ju
XS

Ornek10: Durum-Uzay modeli verilen sistemin Nyquist egrisini MATLAB ile ciziniz.

&}{—Zo ﬂ|:))((::|+{3oo}u ve y=[t O]L):j+[0]u

>> %MATLAB Program
Ornek4(10):
A=[01;-307];

B = [0; 30];

C=[10];

D = [0];

nyquist(A, B, C, D)
grid

title('Nyquist plot')

>>

Myguist plot

Imaginary Axis

Real Axis
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Ornek11: G(s)H(s) acik cevrim transfer fonksiyonu verilen sistemin root-locus egrisini
MATLAB komutlarini kullanarak giziniz.

GOH(g) = RE*3)
(s +3s++4)(s” +2s+7)
Cozim:
G(SH(s) = K(s+3) _ K(s+3)

(s? +3s++4)(s? +25+7) (s* +58° +175° + 29s + 28)

>> %MATLAB Program
ORNEK5(11)
>num=[00013];
>>den=[1517 29 28];
>>K1=0:0.1:2;

>> K2 =2:0.02:2.5;

>>K3 =2.5:0.5:10;

>> K4 =10:1:50;

>> K5 =50:5:800;

>> K = [K1 K2 K3 K4 K5];
>>r = rlocus(num, den, K);
>> plot(r, '0')

>>v =[105 -8 8]; axis(v)
>> grid

>> title('Root-locus plot of G(s)H(s)')
>> xlabel('Real axis')

>> ylabel(‘Imaginary axis')
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Ornek12:r(t) =t+3 girisi icin cevap ifadesini MATLAB ile bulunuz..

_C(s) _ 7
R(s) s*+s+7

G(s)

, r)=t+3

%MATLAB Program

%0rnek6(12)

>>num=[007];

>>den=[117];

>>1=0:0.05:10;

>>r=3+t;

>> ¢ = Isim(num, den, r, t);

>> plot(t, r, '-', t, ¢, '0')

>> grid

>> title('Response to input r(t) = 3 + t')
>> xlabel('t Sec')

>> ylabel('Output c(t) and input r(t) = 3 + t')
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Response to input 1= 3 +1
1""1' I I I I I I I I I

12

3+t

10

(]

Cutput cffh and input i)

ORNEK13 Verilen sistemin kdk-yer egrisini ciziniz.

S+5

F(o)= s?+7s+25

%MATLAB Program

>> %MATLAB Program

clf

num = [15];

den=[17 25];

rlocus(num, den);>> ylabel('Output c(t) and input r(t) = 3 + t')
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Root Locus

Imaginary Axis

Real Axis

LAPLACE DONUSUMU

Zamana bagl f(t) fonksiyonun MATLAB konutlari ile laplace déntsimi F=laplace(f) ile
bulunur.

00

LLF @] = [ f(t)edt=F(s)

0

Ornek14: f(t) = e™ sin(at + c) olarak verilmis olsun, Sembolik MATLAB komutlari ile f(t) nin

Laplace donlsimini bulunuz.

cOzUMm:

>>syms st a b c; F=laplace(exp(b*t)*sin(a*t+c))

F=cos(c)*a/((s-b)*2+a”2)+sin(c)*(s-b)/((s-b)*2+a"2)

o= 200 (sDiing
((s-b)*+a®) ((s—b)*+a?)

Ters Laplace Doniisiimii:  f(t)=ilaplace(F)
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Ornek:15

__ 1 -
PO =gy = 10=7

symsstwxy

ilaplace(1/(s-1)) exp(t)
f(t)=¢
Ornek:16

_ 1 _
F(s)—t2+1:> f(t)=2

symsstwxy

ilaplace(1/(t"2+1)) sin(x)

£(t) = sin(x)
Ornek:17

f(t) =sin(wt) = F(s) =7

>>syms w t
>> laplace(sin(w*t))

ans = w/(s"2+w”"2)

w

s2+w

F(s) =

2
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ORNEK 18 :

Asagida kontrol semasi ¢izilmis olan sistemin, birim basamak yanitint MATLAB

programinda inceleyiniz. (Unit-step response)

R(s) 3(s+1)?

A 4

1

C(s)

s S(s+1)(s+2) g

Bu kapali sistemin transfer fonksiyonu asagidaki gibidir:

3(s+1)* 1
C(s) _ s S(s+1)(s+2)) _  3s’+6s+3
RS 14 3(s+1? 1 s +35° +55° +65+3
S S(s+1(s+2)
C(s) _ 3s*+6s+3
R(s) s'+3s’+55°+6s+3 e
MATLAB programinda ¢ozimd 161
1.4
EDU» pay=[0 0 3 6 3]; 12}

EDU» % 0s*+0s®+3s®> +6s+3
EDU» payda=[1 35 6 3];
EDU» % 1s* +3s® +55° + 65+ 3

Cikti ¢

EDU» [c,x,t]=step(pay,payda); 0.6}
EDU» plot(t,c)
EDU» xlabel('t sec’) 4
EDU» ylabel('Cikti c') 0.2}
0 ‘
0 2 4 6

8

10 12 14 16 18 20

t sec
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ORNEK 19 :

> VN

<4+— x

I
i

Sekilde gorulen sistemde m=2kg, b=5 Ns/m ve k=1.5N/m’dir. t=0 zamaninda m
kitlesi x(0)=0.1m kadar agagi ¢ekilmig ve t=0 aninda kitlenin hizi x’(0)=0.8m/s ise
ktlenin hareketini inceleyiniz.

Sistemin denklemi: mx" +bx +kx=0

X(0) =0.1m ve x'(0) =0.8m/s verildigine gore denkleme Laplace donigimi yapilirsa:
m[ s°X(s) = x(0) = X'(0) | + b[sx(s) = X(0)] + kx(s) =0
= (ms’ +bs+ k) x(s) = mx(0)s + mx'(0) + bx(0)

mx(0)s+ mx'(0) + bx(0) _ 02s+21
ms® +bs+k 28’ +5s+1.5

= X(s) =

Denlemin pay ve paydasini s ile ¢arparsak:

02s*+21s 1

=X(s)= 252 +55+15's

Bu denklemden sistemin transfer fonksiyonu asagidaki gibi alinabilir:

028" +2.1s

G(g) = —> "=
=G 2s* +5s+1.5
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MATLAB programinda ¢6zim

EDU» pay=[0.2 2.1 0];
EDU» payda=[2 5 1.5];
EDU» step(pay,payda)
EDU» xlabel('Zaman t(s)")
EDU» ylabel('Genlik’)

Step Response
From: U(1)
0.35 :

0.3

0.25

0.2

Genlik
To: Y(1)

0.1

0.05

0 | | |
0 4 8 12 16

Zaman t(s)

ORNEK 20: Asagida verilen Diferansiyel denklemi Laplace doniisiimii ve Matlab ile ¢6ziiniiz.

d?x _dx

2= —+7—+3x=0 x(0)=1, x(0)=1
el () ()

Coziim:

Denklemin Lapace dontstiimi alalim.

00

LLF @] = [ f(t)edt = F(s)

2s* X (8) = (0) = X(0)] + 7(sX(s) = x(0)) +3X(s) =0

Baslangi¢ kosullarini yerine yazip denklemi diizenleyelim.
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2s*X(s)—s—-1]+7(sX(s)-1) +3X(s) =0

2s+9 S+4.5 _ s+4.5

X(8) = —; =— =
2s°+7s+3 s“+35s+15 (s+0.5)(s+3)

ifadeyi kismi kesirlere ayiralim.

s+45 A B
X(s) = = +
(s+05)(s+3) s+05 s+3
s+45]  _ 4 _8 _s+45| _ 15 _ 3
(s+3)|_,. 25 5 (s+05)|_, -25 5
X(8) = (8/5) , (-3/5)

s+05 s+3

X(s) ifadesinin ters Laplace doniisiimii ile x(t) bulunur.

L [X(s)] = x(t) = ge<'°-5‘> - §e<'3t>

Diferansiyel denklemi MATLAB “ dsolve” komutu ile ¢dzelim.
>>y = dsolve('2*D2y + 7*Dy+3*y = 0','y(0) = 1','Dy(0)=1")
y =8/5*exp(-1/2*t)-3/5*exp(-3*t)

ORNEK 21: asagida verilen sistemi dikkate alarak BODE egrisini bode(A,b,C,D)
MATLAB komutu ile giziniz.

) e v o

%MATLAB Program 8-5 ogata BODE
A=[0 1;-25 -4];

B=[0;25];

C=[1 0];

D=[0];

bode(A,B,C,D)

grid

title(  'Bode Plot' )

xlabel( 'Frekans' )

Cozum:
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Bode Plot
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Frekans (rad/sec)

10
'Nyquist Plot of G(s) = 1/(s"2+0.8s+ 1)’

10
[001];
den=[10.81];

s +0.8s+1
%MATLAB Program %NYQUIST OGATA 8- 6

8-5 ogata BODE
nyquist(num,den)

grid

num
title(

ORNEK 22: Asagidaki agik-cevrim transfer fonksiyonunu dikkate alarak Nyquist egrini

nyquist(numiden) MATLAB komutu ile ¢iziniz.
Doc. Dr. Siikrii OZEN
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Nyquist Plot of G(s) = I/(s2 +0.8s+1)

1.5 -
_--2dB

2dB 0

w

Imaginary Axis

Real Axis

ORNEK 23: A) Asagidaki acik-cevrim transfer fonksiyonunu dikkate alarak kdk-yer egrisini
MATLAB komutu ile giziniz.

B) K=1.65 degeri icin kontrol sisteminin birim-basamak cevabinin zamana bagl

degisimini ciziniz.

&9 = 10
S(s+3)(s* +2s+4)

¢cOzUMm:

>> s=tf('s'); G=10/(s*(s+3)*(s"2+3*s+4));

rlocus(G), grid
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Root Locus

sIxy Areuibeuw

Real Axis

1.65; step(feedback(G*K,1))

>> K=

Step Response

1.8

1.6

1.4r

apmijdwy

0.4+

0.2+

15 20 25 30 35 40 45 50
Time (sec)

10
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