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MATLAB Program 6-1

Y =mmmmmmmn Root-locus plot ---------

num= |1 3|;

den=1[1 5 20 16 Ol;

rlocus(num,den)

v=[-6 6 -6 6];

axis(v); axis('square')

grid;

title ('Root-Locus Plot of G(s) = K(s + 3)/[s(s + 1)(s"2 + 4s + 16)]")

den=[15 20 16 0]

den=conv([1 1 0],[1 4 16])

Rgot-Locus Plot of G(s) = K(s + 3)/[s(s + 1)(s? + 4s + 16)]

\-p YK

LAA-:J_) u..-—\.'.h Q\gﬁ )|.\).i

Real Axis
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MATLAB Program 6-2

Yo ===mmmmn Root-locus plot ---------

num = [1];
den=[1 1.1 10.3 5 0];
r = rlocus(num,den);

plot(r,'o")
v=[-6 6 -6 6]; axis(v)
grid

title('Root-Locus Plot of G(s) = K/[s(s + 0.5)(s"2 + 0.6s + 10)]")
xlabel('Real Axis')
ylabel('Imag Axis')

Root-Locus Plot of G(s) = K/[s(s+0.5)(s?+0.6s+10)]

o

Imag Axis

-6 5 3 . s \V-# K&
Real Axis Wty ) ka0 s gai
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MATLAB Program 6-3

Yo ===mmmmmn Root-locus plot ---------

num = [1];

den=1(1 1.1 10.3 5 0}];
K1 '=0:0.2:20;

K2 =20:0:1:30;

K3 = 30:5:1000;

K = [K1 K2 K3J;

r = rlocus(num,den,K);
plot(r, '0")

v=I[-4 4 -4 4]; axis(v)
grid

title('Root-Locus Plot of G(s) = K/[s(s + 0.5)(s*2 + 0.6s + 10)")
xlabel('Real Axis')
ylabel('Imag Axis')

T

Root-Locus Plot of G(s) = K/[s(s+0.5)(s?+0.65+10)]

T

Imag Axis

-5 S

Real Axis ety ) tin O 15 gai
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MATLAB Program 6-4

A=[0 1 0,0 0 1;-160 -56 -14];

B =1[0;1;-14};

C=[1 0 0};

D = [0];

K = 0:0.1:400;

rlocus(A,B,C,D,K);

v=[-20 20 -20 20]; axis(v)

grid

title('Root-Locus Plot of System Defined in State Space')

Root-Locus Plot of System Defined in State Space

Imag Axis
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sgrid
O Jlaged 5 2 1y ol @, Slaenls 5 (o) Gl LY 5o 5ul) Cul plee S byl
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sgrid ([0.5,0.707],[0.5,1, 2])

MATLAB Program 6-5

sgrid

v=[-3 3 -3 3]; axis(v); axis(‘'square')

title('Constant \zeta Lines and Constant \omega_n Circles')
xlabel('Real Axis')

ylabel('Imag Axis')
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Constant { Lines and Constant w, Circles

064 0.5 0.340.16 ° ' !

Imag Axis
o

=2k

s EAN YY-# JKS
3 LL064 05 034006 ) .

=3 . -1 0 I 2 3 36 lpllgla
Real Axis b @) sl pls

b ot edin O I3l 55 2 1 YL b @, Slaepls 5 ol & byl cal iy S
num=[000 1]
den=[1450]
_eJ..::o)‘é QL:.'.\'\"—? JQ))J&\? 6“&:.3)&‘“0&)\)”4 (..U.au.a)ls.\..bf—? Z‘L'f‘("-“s("“‘)

MATLAB Program 6-6

num = [1];

den=[1 4 5 0];

K = 0:0.01:1000;

r = rlocus(num,den,K);

plot(r,'-"); v=[-3 1 -2 2]; axis(v); axis(‘square')
sgrid([0.5,0.707], [0.5,1,2])

grid

title('Root-Locus Plot with \zeta = 0.5 and 0.707 Lines ...
and \omega_n = 0.5,1, and 2 Circles') ,
xlabel('Real Axis'); ylabel('Imag Axis')
gtext("\omega_n = 2')

gtext("\omega_n = 1"

gtext("\omega_n = 0.5')

% Place 'x' mark at each of 3 open-loop poles.
gtext('x’)

gtext('x')

gtext('x')
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Root-Locus Plot with { = 0.5 and 0.707 Lines
and ®,=0.5, 1, and 2 Circles
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MATLAB Program 6-7

num=[1 2 4];

den = conv(conv([1 4 0],[1 6]),[1 1.4 1]);

rlocus(num, den)

v=[-7 3 -5 5]; axis(v); axis('square')

grid

title('Root-Locus Plot of G(s) = K(s72 + 2s + 4)/[s(s + 4)(s + 6)(s”2 + 1.4s + 1)]")
text(1.0, 0.55,'K =12")

text(1.0,3.0,'K = 73")

text(1.0,4.15,'K = 154')

Root-Locus Plot of G(s) = K(s? + 2s + 4)/[s(s + 4)(s + 6)(s* + 1.4s + 1)]

5
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3
2

1
0
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MATLAB Program 6-8

num = [-0.5 1];

den=1[1 1 0];

k1 =0:0.01:30;

k2 = 30:1:100;

K3 = 100:5:500;

K=kl k2 k3];

rlocus(num,den,K)

v=[-2 6 -4 4]; axis(v); axis('square')

grid

title('Root-Locus Plot of G(s) = K(1 - 0.5s)/[s(s + 1)]")
% Place 'x' mark at each of 2 open-loop poles.
% Place 'o' mark at open-loop zero.

gtext('x')

gtext('x")

gtext('o")

Root-Locus Plot of G(s) = K(1 — 0.5s)/[s(s + 1)]

4 T T T T . T T

Imag Axis
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MATLAB Program 6-9
% ***** Unit-Step Response of Compensated and Uncompensated Systems *****

numl = [12.287 23.876];

denl = (1 5.646 16.933 23.876];

num2 = [9];

den2=(1 3 9];

num = [10];

den=1[1 1 10};

t =0:0.05:5;

c1 = step(num1,dent,t);

c2 = step(num2,den2,t);

¢ = step(num,den,t);

plot(t,c1,'-',t,c2,"." t,c,'x")

grid

title('Unit-Step Responses of Compensated Systems and Uncompensated System')
xlabel('t Sec")

ylabel(‘Outputs c1, c2, and c')
text(1.51,1.48,'Compensated System (Method 1))
text(0.9,0.48,'Compensated System (Method 2)')
text(2.51,0.67,'Uncompensated System')
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Unit-Step Responses of Compensated Systems and Uncompensated System
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MATLAB Program 6-10

% ***** Unit-Ramp Responses of Compensated Systems *****

numl = [12.287 23.876];

denl = [1 5.646 16.933 23.876 0];

num2 = [9];

den2=[(1 3 9 0];

t = 0:0.05:5;

c1 = step(num1,dent,t);

¢2 = step(num2,den2,t);

plot(t,c1,'-',t,c2,"." t,t,'-")

grid

title('Unit-Ramp Responses of Compensated Systems')
xlabel('t Sec')

ylabel("Unit-Ramp Input and Outputs c1 and c2')
text(2.55,3.8,'Input’)

text(0.55,2.8,'Compensated System (Method 1)")
text(2.35,1.75,'Compensated System (Method 2)')

Unit-Ramp Responses of Compensated Systems

Unit-Ramp Input and Outputs c1 and ¢2

t Sec
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MATLAB Program 6-11

9% ***** Root-locus plots of the compensated system and
% uncompensated system *****

% ***** Enter the numerators and denominators of the
% compensated and uncompensated systems *****

numc = [1 0.05];

denc = [1 3.005 2.015 0.01 0O};
num = [1.06];

den=[1 3 2 0J;

9% ****x Enter rlocus command. Plot the root loci of both
Y% systems *****

rlocus(numc,denc)

hold

Current plot held

rlocus(num,den)

v=_[-3 1 -2 2];axis(v); axis('square')
grid

text(-2.8,0.2,'Compensated system')
text(-2.8,1.2,'Uncompensated system')
text(-2.8,0.58,'Original closed-loop pole')
text(-0.1,0.85,'New closed-')
text(-0.1,0.62,'loop pole')
title('Root-Locus Plots of Compensated and Uncompensated Systems')

hold
Current plot released

% ****x Pot root loci of the compensated system near the origin *****

rlocus(numc,denc)

v=1[-0.6 0.6 -0.6 0.6]; axis(v); axis(‘square")

grid

title('Root-Locus Plot of Compensated System near the Origin')
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MATLAB Program 6-12

9% ***** nit-ramp responses of compensated system and
% uncompensated system *****

% ***** Unit-ramp response will be obtained as the unit-step
% response of C(s)/[sR(s)] *****

9% ***** Enter the numerators and denominators of C1(s)/[sR(s)]
% and C2(s)/[sR(s)], where C1(s) and C2(s) are Laplace

9% transforms of the outputs of the compensated and un-

% compensated systems, respectively. *****

numc = [1.0235 0.0512];

denc = [1 3.005 2.015 1.0335 0.0512 0J;
num = [1.06];

den=([1 3 2 1.06 0];

% ***** Specify the time range (such as t= 0:0.1:50) and enter
% step command and plot command. *****

t = 0:0.1:50;

c1 = step(numc,denc,t);

c2 = step(num,den,t);

plot(t,c1,'-' t,c2,'"." t,t,'--")

grid

text(2.2,27,'Compensated system');

text(26,21.3,'Uncompensated system');

title('Unit-Ramp Responses of Compensated and Uncompensated Systems')
xlabel('t Sec');

ylabel('Outputs c1 and c2')

Unit-Ramp Responses of Compensated and Uncompensated Systems
50 T T T T T T T T T

15 frser i
40 L ..........
35t ; :
30 : :
25 | Compensated
20 +

Outputs ¢l and c2
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MATLAB Program 6-13

% ***** Unit-step responses of compensated system and
% uncompensated system *****

% ***** Enter the numerators and denominators of the
% compensated and uncompensated systems *****

numc = [1.0235 0.0512];

denc =[1 3.005 2.015 1.0335 0. 0512],
num = [1.06];

den=1[1 3 2 1.06];

% ***** Specify the time range (such as t = 0:0.1:40) and enter
% step command and plot command. *****

t =0:0.1:40;

c1 = step(numc,denc,t);

c2 = step(num,den,t);

plot(t,c1,'-',t,c2,'.)

grid

text(13,1.12,'Compensated system')

text(13.6,0.88,'Uncompensated system')

title('Unit-Step Responses of Compensated and Uncompensated Systems')
xlabel('t Sec')

ylabel('Outputs c1 and ¢2')

Unit-Step Responses of Compensated and Uncompensated Systems
1.4 T T T T

Outputs c1 and 2

t Sec
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MATLAB Program 6-14

% ***** Enter numerators and denominators of systems with
% k = 0.4490 and k = 1.4130, respectively. *****

num1 = [20];

denl =[1 5 12.98 20];
num2 = [20];

den2 =[1 5 32.26 20];
t=0:0.1:10;

c1 = step(num1,dent,t);

c2 = step(num2,den2,t);
plot(t,c1,t,c2)
text(2.5,1.12,'k = 0.4490")
text(3.7,0.85,'k = 1.4130")
grid

title('Unit-step Responses of Two Systems')
xlabel('t Sec')
ylabel('Outputs c1 and c2')
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G.(s)=
(9 (s+)"
num = [1]
den=[1320]
sl 612
numa=[1]

dena=[133 1]

rekr O o 5 (8 25 Sl grms Sl eslicd 51
r = rlocus(num,den)
a = rlocus(numa ,dena)
plot([r a])
et b o ) o polie el l 51 Olsabsl J e g1 AL DL b @ T sleiss ) sl
See
K1 =0:0.1:0.3;
K2 = 0.3:0.005:0.5;
K3 = 0.5:0.5:10;
K4 = 10:5.1:100;
K=[K1 K2 K3 K4];
r = rlocus(num,den,K)
a = rlocus(numa,dena,K)
y=[ra]
plot (y,")

iy 1) Voof IS a3 o s 4 1) OF Slesilonn 5 baaly ) uekin OIS 10-F 2l
23 el p B0l 55 hold ) gras 5l eslinal b 5l g G (Say 5 o (SR oS L s )
.))‘,S-dar:'.?‘QV\—F J.;.:_)i J-Jl? )b)"" el 0l solizu! hold 4D )| \F-§ lALJ.'

© O )ty e ks Wb S 1) sty Ko b i Slelonn y Laaly ) i OIS 4=F- )

S ) Sl 15 D) g0
K
(" +Ys+Y)(s" +Ys+0)

G(s)=

Aalo ) JO e b ladly ) wkin OIS 5,45 5 335 Jous



http://mohandesyar.com

www. Mohandesyar . com
Ly ewia G (B 4 JS glgalann (alsb g Jalas # Juad  YAA

MATLAB Program 6-15

num = [1];

den=[1 3 2 0];

numa = [1];

dena=1[1 3 3 1];

K1 =0:0.1:0.3;

K2 = 0.3:0.005:0.5;

K3 =0.5:0.5:10;

K4 =10:5:100;

K =[K1 K2 K3 K4j;

r = rlocus(num,den,K);

a = rlocus(numa,dena, K);

y=I[r al;

pIOt(Yl.")

v=[-4 4 -4 4]; axis(v)

grid

title('Root-Locus Plot of G(s) = K/[s(s + 1)(s + 2)] and Asymptotes')
xlabel('Real Axis')

ylabel(‘Imag Axis')

% ***** Manually draw open-loop poles in the hard copy *****

Root-Locus Plot of G(s) = K/[(s(s+1)(s+2)] and Asymptotes

. Imag Axis

Real Axis
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MATLAB Program 6-16

Yo ==mmmmmmmmm Root-Locus Plots ------------
num = [1];

den=1[1 3 2 0];

numa = [1];

dena=1[1 3 3 1];

K1 =0:0.1:0.3;

K2 =0.3:0.005:0.5;

K3 =0.5:0.5:10;

K4 =10:5:100;

K =[K1 K2 K3 K4];

r = rlocus(num,den,K);

a = rlocus(numa,dena,K);
plot(r,'0")

hold

Current plot held
plot(a,'-')

v=[-4 4 -4 4]; axis(v)
grid

title('Root-Locus Plot of G(s) = K/[s(s+1)(s+2)] and Asymptotes')
xlabel('Real Axis")
ylabel('Imag Axis')

Root-Locus Plot of G(s) = K/[s(s+1)(s+2)] and Aysmptotes

Imag Axis

VA-$ s
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MATLAB Program 6-17

% ***** Root-locus plot *****

num = [1];
den=[1 4 11 14 10];
numa = [1];

dena=[1 4 6 4 1];

r = rlocus(num,den);

plot(r,'-")

hold

Current plot held

plot(r,'0")

rlocus(numa,dena);

v=[-6 4 -5 5];axis(v); axis('square')
grid

title('Plot of Root Loci and Asymptotes')

Plot of Root Loci and Asymptotes

Imag Axis

VY-F S

0T Sl
Real Axis
LS 53 5 G(S) S e Jrds @B L drly S b J 28 s G Vo P
Gls)= K(s+)Y)

- (s'+\'s+\')(s"+\‘s+0)
Sy gy Sose w Ul e sty e RS BU 1
K(s+))
STHES NS H Es+ e

G(s)=
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MATLAB Program 6-18

num=[1 1];

den=([1 4 11 14 10];
K1 =0:0.1:2;

K2 = 2:0:0.2:2.5;

K3 =2.5:0.5:10;

K4 =10:1:50;

K=[K1T K2 K3 K4|

r = rlocus(num,den,K);
plot(r, '0")

v=[-8 2 -5 5]; axis(v); axis('square')

grid

title('Root-Locus Plot of G(s) = K(s+1)/[(sA2+425+2)(s"2+2s+5)]")

xlabel('Real Axis')
ylabel(‘Imag Axis')

Imag Axis

Root-Locus Plot of G(s) = K(s + 1)/[(s* + 25 + 2)(.:2 +25+5)]

B3 =7 =6 =5

—4 -3
Real Axis

Sty gkin OIS Jlage VI-F S
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Root-Locus Plot of Compensated System
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