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MATLAB Program 8-1
Yo ~=wnemnnn Unit-step response ----------

num = [6.3223 18 12.811];
den=1[1 6 11.3223 18 12.811};
step(num,den)

grid

title('Unit-Step Response')
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MATLAB Program 8-2

num = [4];

den = [1 0.00000000001 1 0];

w = logspace(-1,1,200);
bode(num,den,w)

title('Bode Diagram of 4/[s(s*2+1)]")

Bode Diagram of 4/(s(s* + 1)]
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MATLAB Program 8-3

num = (20 4];

den = [1 0.00000000001 1 0J;

w = logspace(-2,1,101);

bode(num,den,w)

title('Bode Diagram of G(s) = 4(5s+1)/[s(sA2+1)]")
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Bode Diagram of G(s) = 4(5s + 1V[s(s* + 1))
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MATLAB Program 8-4

num =[5 21 4J;
den=[1 01 0];
= logspace(-2,2,100);
bode(num,den,w)
title('Bode Diagram of 4(5s+1)(0.25s+1)/[s(s"2+1)]")
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Bode Diagram of 4(5s + 1(0.25s + 1)/[s(s* + 1))
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MATLAB Program 8-5

%***** Unit-step response *****

num =[5 21 4];

den=(1 5 22 4);

t=0:0.01:14;

¢ = step(num,den,t);

plot(t,c)

grid

title('Unit-Step Response of Compensated System')
xlabel('t (sec)')

ylabel('Output c(t)')

O renes Unit-ramp response sanae

numl =[5 21 4|;

denl =(1 5 22 4 0);

t=0:0.02:20;

¢ = step(num1,den1,t);

plotit,c,'-' t.t,'--")

title('Unit-Ramp Response of Compensated System')
xlabel('t (sec)')

ylabel('Unit-Ramp Input and Output c(t)')
text(10.8,8,'Compensated System')

Unit-Step Response of Compensated System

Wk o e i ey s \V-A S
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Unit-Ramp Response of Compensated System

Unit-Ramp Input and Output c(1)
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MATLAB Proggm 8-6
%'K' and 'a’ values to test

K=[2.0 22 2.4 2.6 2.8 3.0);
a=[05 07 09 1.1 1.3 1.5];

% Fvaluate closed-loop unit-step response at each 'K' and 'a' combination
% that will yield the maximum overshoot less than 10%

t=0:0.01:5;
g =t([1.2],10.36 1.86 2.5 1]);
k=0;
for i = 1:6;
for j = 1:6;
ge = tf(K(i)*[1 2*a(j) a(j)A2], [1 0]); % controller
G = gc*g/1 + gc*g); % closed-loop transfer function
y = step(G,1);
m = maxl(y);
ifm<1.10
k= k+‘;
solution(k,:) = [K(i) a(j) m];
end
end
end
solution % Print solution table

solution =

2.0000 0.5000 0.9002
2.0000 0.7000 0.9807
2.0000 0.9000 1.0614
2.2000 0.5000 0.9114
2.2000 0.7000 0.9837
2.2000 0.9000 1.0772
2.4000 0.5000 0.9207
2.4000 0.7000 0.9859
2.,4000 0.9000 1.0923
2.6000 0.5000 0.9283
2.6000 0.7000 0.9877
2.8000 0.5000 0.9348
2.8000 0.7000 1.0024
3.0000 0.5000 0.9402
3.0000 0.7000 1.0177
sortsolution = sortrows(solution,3) % Print solution table sorted by
% column 3

Ay ks ) aalsl
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sortsolution =

2.0000 0.5000 0.9002
2.2000 0.5000 09114
2.4000 0.5000 0.9207
2.6000 0.5000 0.9283
2.8000 0.5000 0.9348
3.0000 0.5000 0.9402
2.0000 0.7000 0.9807
2.2000 0.7000 0.9837
2.4000 0.7000 0.9859
2.6000 0.7000 0.9877
2,8000 0.7000 1.0024
3.0000 0.7000 1.0177
2.0000 0.9000 1.0614
2.2000 0.9000 1.0772
2.4000 0.9000 1.0923

% Plot the response with the largest overshoot that is less than 10%
K = sortsolution(k, 1)
K=
2.4000
a = sortsolution(k,2)
a=
0.9000

gc = tiK*[1 2*a a2}, [1 0));
G =ge*g/(1 + ge*g);

step(G,t)

grid % See Figure 8-20

% If you wish to plot the response with the smallest overshoot that is
% greater than 0%, then enter the following values of 'K' and 'a'

K = sortsolution(11,1)
K=

2.8000
a = sortsolution(11,2)
a=

0.7000

gc = ti(K*[1 2*a an2], [1 0]);
G =gc*g/(1 + gc*g);

step(G,1)

grid % See Figure 8-21
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14 Step Response
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14 Unit-Step Response Curves
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MATLAB Program 8-7

t=0:0.01:8;
k=0;
for K = 3:0.2:5;
fora=0.1:0.1:3;
num = [4*K 8*K*a 4*K*ar2];
den=[1 6 8+4*K 4+8*K*a 4*K*a"2];
y = step(num,den,t);
s = 801;while y(s)>0.98 & y(s)<1.02;s =5~ 1;end;
ts = (s=1)*0.01; % ts = settling time;

m = max(y);
if me1.15 & m>1.10; if ts<3.00;
k =k+1;
solution(k,:) = [K a m ts];
end
end

end

end

solution

solution =
3.0000 1.0000 1.1469 2.7700
3.2000 0.9000 1.1065 2.8300
3.4000 0.9000 1.1181 2.7000
3.6000 0.9000 1.1291 2.5800
3.8000 0.9000 1.1396 2.4700
4,0000 0.9000 1.1497 2.3800
4.2000 0.8000 1.1107 2.8300
4.4000 0.8000 1.1208 2.5900
4.6000 0.8000 1.1304 2.4300
4.8000 0.8000 1.1396 2.3100

5.0000 0.8000 1.1485 2.2100
sortsolution = sortrows(solution,3)

sortsolution =
3.2000 09000 1.1065 2.8300
4.2000 0.8000 1.1107 2.8300
3.4000 0.9000 1.1181 2.7000
4.4000 0.8000 1.1208 2.5900
3.6000 0.9000 1.1291 2.5800
4.6000 0.8000 1.1304 2.4300
4.8000 0.8000 1.1396 2.3100
1

3.8000 0.9000 1.1396 2.4700

A Anio PERVE
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3.0000 1.0000 1.1469 2.7700
5.0000 0.8000 1.1485 2.2100
4.0000 0.9000 1.1497 2.3800

% Plot the response curve with the smallest overshoot shown in
sortsolution table.

K = sortsolution(1,1), a = sortsolution(1,2)
K=

3.2000
a=

0.9000

num = [4*K 8*K*a 4*K*a”2];

den=[1 6 B8+4*K 4+8*K*a 4*K*ar2];
num

num =

12,8000 23.0400 10.3680

den
den =

1.0000 6.0000 20.8000 27.0400 10.3680

y = step(num,den,t);
plot(t,y) % See Figure 8-24.
grid

title('Unit-Step Response')
xlabel('t sec')
ylabel('Output y(t)')

Unit-Step Response
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MATLAB Program 8-9
% ***** Response to unit-step disturbance input *****

numd = [1 0);

dend =[1 14 56 160];

t=0:0.01:5;

[c1,x1,t] = step(numd,dend,t);

plot(t,c1)

grid

title('Response to Unit-Step Disturbance Input')
xlabel('t Sec’)

ylabel('Output to Disturbance Input')

% ***** Response to unit-step reference input *****

numr = [10.4 47 160|;

denr=[1 14 56 160];

[c2,x2,1) = step(numr,denr,t);

plot(t,c2)

grid

title('Response to Unit-Step Reference Input')
xlabel('t Sec')

ylabel('Output to Reference Input’)
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%10 Response to Unit-Step Disturbance Input
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Root-Locus Plot of Ge(s)G(s)
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MATLAB Program 8-10
% ***** Bode Diagram *****

num = [40 4);

den = [1 0.000000001 1 0);

bode(num,den)

title('Bode Diagram of G(s) = 40(s+0.1)/[s(sA2+1)]")
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MATLAB Program 8-11

Of, +44as Bode Diagram EEER

num = conv([40 4],(0.1526 1]);
den = [1 0.000000001 1 0};
sys = tf(num,den);

w = logspace(-2,2,100);
bode(sys,w)

[Gm,pm,wcp,wegl = margin(sys);
GmdB = 20%log10(Cm);
|{GmdB,pm,wcp,wceg]

ans =
Inf 50.0026 NaN 8.0114
title('Bode Diagram of G(s) = 40(s+0.1)(0.15265+1)/[s(s"2+1)]")
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MATLAB Program 8-12
% ***** Unit-Step Response *****

num = [6.104 40.6104 4;
den=[1 6.104 41,6104 4|;

t=0:0.01:10;
step(num,den,t)
grid
Step Response
l.‘ \ ¥ .0 T oz M T
127
.
8
6 ;
04
o2} J
% 1 2 3 4 5 6 7 8 9 10 00-A J5&
Time (sec) "’"u‘é“‘ s
Cls) _ 5\ =¥s' +Ye/pre¥s+¥
TR(S) s FNeYs 4¥VFretsit
MATLAB Program 8-13

% ***** Init-Ramp Response *****

num =[0 0 6.104 40.6104 4)];

den=[1 6.104 41.6104 4 0];
t=0:0.01:20;

¢ = step(num,den,t);

plotit,c,'-.! t,t,'-")

title('Unit-Ramp Response')
xlabel('t(sec)’)

ylabel('Input Ramp Function and Output')
text(3,11.5,'Input Ramp Function')
text(13.8,11.2,'Output’)
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% ** " NYQUiS( P'Ot ey

num = [6.104 40.48832 3.5945064];
den=[1 -0.03 1.0003 -0.010001};
nyquist(num,den)

v =[-1500 1500 -2500 2500}; axis(v)
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MATLAB Program 8-15

t = 0:0.01:5;
for K = 50:-1:2;
for a = 2:-0.05:0.05;
num = [K 2*K*a K*aA2);
den=[1 6 5+4K 2*K*a K*ar2|;
y = step(num,den,t);
m = max(y);
s = 501; while y(s) > 0.98 & y(s) < 1.02;
s =s-1; end;
ts = (s-1)70.01;
fm<1.10&m>1.02&ts<3.0
break;
end
end
ifm<1.10&m>1.02&ts<3.0
break
end
end
plot(t,y)
grid
title('Unit-Step Response')
xlabel('t sec')
ylabel('Output’)
solution = [K;a;m;ts)

solution =

32.0000
0.2000
1.0969
2.6400
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MATLAB Program 8-16

t=0:0.01:5;
k=0;
fori=1:49;
K(i) = 51-i*1;
for j = 1:40;
a(j) = 2.05-j*0.05;
num = [K(i) 2*K(i)*a(j) K(i)*a(j)*a(j)l;
den = [1 6 5+K(i) 2*K(i)*a(j) K(i)*a()*a(jl;
y = step(num,den,t);
m = max(y);
s = 501; while y(s) > 0.98 & y(s) < 1.02;
s =s-1; end;
ts = (s-1)*0.01;
ifm<1.10&m>1.02&ts<3.0
k =k+1;
table(k,:) = [K(i) a(j) m ts];
end
end
end
table(k,:) = [K(i) a(j) m ts)]

table =

32.0000 0.2000 1.0969 2.6400
31.0000 0.2000 1.0890 2.6900
30.0000 0.2000 1.0809 2.7300
29.0000 0.2500 1.0952 1.7800
29.0000 0.2000 1.0726 2.7800
28.0000 0.2000 1.0639 2.8300
27.0000 0.2000 1.0550 2.8900
2.0000 0.0500 0.3781 5.0000

sorttable = sortrows(table,3)
sorttable =

2.0000 0.0500 0.3781 5.0000
27.0000 0.2000 1.0550 2.8900
28.0000 0.2000 1.0639 2.8300
29.0000 0.2000 1.0726 2.7800
30.0000 0.2000 1.0809 2.7300
31.0000 0.2000 1.0890 2.6900
29.0000 0.2500 1.0952 1.7800
32.0000 0.2000 1.0969 2.6400
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K = sorttable(7,1)
K=
29
a = sorttable(7,2)
a=
0.2500
num = [K 2*K*a K*a”2);
den =[1 6 5+K 2*K*a K*ar2];
y = step(num,den,t);
plot(t,y)
grid
hold

Current plot held
K = sorttable(2,1)

K=
27
a = sorttable(2,2)

da=

0.2000
num = [K 2*K*a K*a"2];
den =[1 6 5+K 2*K*a K*a"2];
y = step(num,den,t);
plot(t,y)
title('Unit-Step Response Curves')
xlabel('t (sec)’)
ylabel('Output’)
text(1.22,1.22,'K =29, a = 0.25")
text(1.22,0.72,'K = 27,a=0.2")
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