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MATLAB Program 7-13

%*****(nit-step responses*****

num = (4];

den=[1 2 4];

numc = [166.8 735.588];

denc =[1 20.4 203.6 735.588];

{ =0:0.02:6;

[c1,x1,t] = step(num,den,t);

[c2,x2,1] = step(numc,denc,t);

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

grid

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

ylabel('Outputs')
text(0.4,1.31,'Compensated system')
text(1.55,0.88,'Uncompensated system')

%*****(nit-ramp responses*****

numl = [4];

denl =[1 2 4 0];

numlc = [166.8 735.588];

denic=[1 20.4 203.6 735.588 0J;
t=0:0.02:5;

[y1,z1,t] = step(num1,deni,t);

[y2,z2,t] = step(numlc,denic,t);
plot(t,y1,'.' t,y2,' tt;!--')

grid

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

ylabel('Qutputs')
text(0.89,3.7,'Compensated system')
text(2.25,1.1,'Uncompensated system')
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MATLAB Program 7-14

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

num = [1];
den=[05 151 1];

numc = [50 5];

denc =[50 150.5 101.5 51 5];
t=0:0.1:40;

[c1,x1,t] = step(num,den,t);

[c2,x2,t] = step(numc,denc,t);
plot(t,c1,'.' t,c2,'-')

grid

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

ylabel('Outputs')
text(12.7,1.27,'Compensated system')
text(12.2,0.7,'Uncompensated system')

%*****Unit-ramp response*****

numl = [1];
den1 =[0.5 1.5 1 1 0];

numlc = [50 5];

denlc =[50 150.5 101.5 51 5.0};
t=0:0.1:20;

[y1,z1,t] = step(num1,den1,t);
[y2,z2,t] = step(numic,denic,t);
plot(t,y1,'.',t,y2,'-" t.t,'-<";

grid

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

ylabel('Outputs')
text(8.3,3,'Compensated system')
text(8.3,5,'Uncompensated system')
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MATLAB Program 7-15
A=[0 1;-25 -4];
B=[1 1;0 1];
C=[1 00 1}
D=[0 0,0 0];
bode(A,B,C,D)
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MATLAB Program 7-16

w = logspace(-1,2,200);
fori= 1:3;
ifi = 1; K = 1;[mag,phase,w] = bode([K],[1 6 5 K],w);
mag1dB = 20*log10(mag); phase1 = phase; end;
if i = 2; K = 10;[mag,phase,w] = bode([K],[1 6 5 K],w);
mag2dB = 20*log10(mag); phase2 = phase; end;
if i = 3; K = 20;[mag,phase,w] = bode([K],[1 6 5 K],w);
mag3dB = 20*log10(mag); phase3 = phase; end;
end
semilogx(w;mag1dB,'-',w,mag2dB,'-',w,mag3dB,'-')
grid
title('Bode Diagrams of G(s) = K/[s(s + 1)(s + 5)], where K =1, K =10, and K = 20')
xlabel('Frequency (rad/sec)')
ylabel('Gain (dB)")
text(1.2,-31,'K =1")
text(1.1,-8,'K = 10")
text(11,-31,'K = 20")
semilogx(w,phasel,'-',w,phase2,'-',w,phase3,'-')
grid
xlabel('Frequency (rad/sec)')
ylabel('Phase (deg)')
text(0.2,-90,'K = 1)
text(0.2,-20,'K =10")
text(1.6,-20,'K = 20")
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MATLAB Program 7-17

num = [20 20 10];
den=[1 11 10 0];
nyquist(num,den)
v=[-2 3 -3 3]; axis(v)
grid

s e,
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Nyquist Diagram
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MATLAB Program 7-18

num = [20 20 10];

den=1[1 11 10 0]; '
wl =0.1:0.1:10; w2 = 10:2:100; w3 = 100:10:500;
w = [wl w2 w3j;

[re,im,w] = nyquist(num,den,w);

plot(re,im)

v=[-3 3 -5 1]; axis(v);

grid

title('"Nyquist Plot of G(s) = 20(s*2 + s + 0.5)/[s(s + 1)(s + 10)]")
xlabel('Real Axis')

ylabel('Imag Axis')
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Nyquist Plot of G(s) = 20(s2+s+0.5)/[s(s+1)(s+10)]
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MATLAB Program 7-19

num = [20 20 10];

den=1[1 11 10 0];

ww = logspace(-1,2,100);
nyquist(num,den,ww)

v=[-2 3 -5 0]; axis(v);

grid

hold

Current plot held

w=1[0.2 0305126 10 20];
[re,im,w] = nyquist(num,den,w);
plot(re,im,'0')

text(1.1,-4.8,'w = 0.2')
text(1.1,-3.1,'0.3")
text(1.25,-1.7,'0.5")
text(1.37,-0.4,'1")
text(1.8,-0.3,'2")
text(1.4,-1.1,'6")
text(0.77,-0.8,'10")
text(0.037,-0.8,'20")

% ----- To get the values of magnitude and phase (in degrees) of G(jw)
% at the specified w values, enter the command [mag,phase,w]
% = bode(num,den,w) ------

[mag,phase,w] = bode(num,den,w);

% -—--- The following table shows the specified frequency values w and
% the corresponding values of magnitude and phase (in degrees) -----

[w mag phase)

ans =

0.2000 4.9176 -78.9571
0.3000.3.2426 -72.2244
0.5000 1.9975 -55.9925
1.0000 1.5733 -24.1455

2
2.0000 1.7678 -14.4898

6.0000 1.6918 -31.0946
10.0000 1.4072 -45.0285
20.0000 0.8933 -63.4385
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Nyquist Diagram
0 1 T T Y T T T T
-5 i i i i i W= 02 i ‘
2 -l5 -1 =05 0 05 1 15 2 25 @

Real Axis

\Y4_-v JS.:-
R | ) AP | Y LA

S USS Ar g gm0 )90 .>J§;;L.,¢.P,-)a SS =Vyjo dal |5 (Sl )LL_L‘.L;‘.;..,,O,_I

J‘fﬁ"‘*‘)gﬁ")}’ |J4.‘425O.3|‘..A_,b).1§w —\+j° :da.i.a)‘r.hu.pl:- Sl w_|)) \Lm-:.g_,-ig_u_)b}qj

P.:__:...e&u.uf«S.L:Sdp‘}.:-ijoﬂ‘oue%hur;ﬁud@la\wﬁb)b}u

MATLAB Program 7-20

num = [-1 -4 -6];

den=[1 5 4];

nyquist(num,den);

grid

title('"Nyquist Plot of G(s) = -(sA2 + 4s + 6)/(sA2 + 55 + 4)")

s Nyaquist Plot of G(s) = —(s2+45+6)/(s?+55+4)
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MATLAB Program 7-21

numl =[1 4 6];

denl =[1 5 4];

num2 = [-1 -4 -6];

den2 =[1 5 4];
nyquist(num1,den1);

hold on

nyquist(num2,den2);

v=[-2 2 -1 1];

axis(v);

grid

title('Nyquist Plots of G(s) and -G(s)")
text(1.0,0.5,'G(s)")
text(0.57,-0.48,'Use this Nyquist')
text(0.57,-0.61,'plot for negative')
text(0.57,-0.73,'feedback system')
text(-1.3,0.5,'-G(s)")
text(-1.7,-0.48,'Use this Nyquist')
text(-1.7,-0.61,'plot for positive')
text(-1.7,-0.73,'feedback system')

Nyquist Plots of G(s) and —G(s)

Usc tlus Nyqu:st Use this Nyqutst
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MATLAB Program 7-22

num = [10 1};

den=[1 1.5 0.5 0];

bode(num,den)

title('Bode Diagram of G(s) = (10s + 1)/[s(s + 0.5)(s + 1)]')

Bode Diagram of G(s) = (10s + 1)/[s(s + 0.5)(s + 1)]
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MATLAB Program 7-23

%*****Nyquist plot in rectangular coordinates*****

num = [1.88 0.188];

den=[1 1.5 0.5 0];

w = 0.5:0.01:1.15;

[re,im,w] = nyquist(num,den,w);

%*****Convert rectangular coordinates into polar coordinates
% by defining z, r, theta as follows*****

z=re+ 1*im;

r = abs(z);

theta = angle(z);

%*****To draw polar plot, enter command 'polar(theta,r)'*****

polar(theta,r)

text(-1,3,'Check of Phase Margin')
text(0.3,-1.7,'Nyquist plot')
text(-2.2,-0.75,'Phase margin')
text(-2.2,-1.1,"is 60 degrees')
text(1.45,-0.7,'Unit circle')
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MATLAB Program 7-24

num = [20];

den=[1 1 0];

w = logspace(-1,2,100);

bode(num,den,w)

title('Bode Diagram of G1(s) = 20/[s(s + 1))

Bode Diagram of G,(s) = 20/[s(s + 1)]
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MATLAB Program 7-25

num = [20];

den=[1 1 0];

w = logspace(0,1,100);

bode(num,den,w)

title('Bode Diagram of G1(s) = 20/[s(s + 1)]")
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MATLAB Program 7-26

numc = [9.5238 28.6676];

denc = [1 14.3339];

w = logspace(-1,3,100);

bode(numc,denc,w)

title('Bode Diagram of Gc(s) = 9.5238(s + 3.0101)/(s + 14.3339")

Bode Diagram of Ge(s) = 9.5238(s + 3.0101)/(s + 14.3339)
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MATLAB Program 7-27

num = [95.238 286.6759];
den=1[1 15.3339 14.3339 0];
sys = tf(num,den);
w = logspace(—1,3,100);
bode(sys,w);
grid;
title('Bode Diagram of Gc(s)G(s)")
[Gm,pm,wcp,wcg] = margin(sys);
GmdB = 20*log10(Gm);
[Cmdb,pm,wcp,wcg]
ans =

Inf 49.4164 Inf 6.5686




ol 58 franly B 4 S slediouns alib 5 il V Jead 04Y

- Bode Diagram of Ge(s) G(s)
~---.,___.__...‘~
0 n\\\\
.‘\

~ \\""'--
E T
3 A
& 100
=
)

-100

-150

NN
g B 0
10 10 10! 10 10° VAV IS
Frequency (rad/sec)

LG (8) G(5) 854 yl54ai

.‘.,sg..iu,u)g,|;.\.:.;otx,,.‘._-..,..d,é..g,..\,.:olﬂr;..,ulgé.,g.u_b_:éé..g
)‘@|Q)L&¢:‘J‘S.LLQ‘,.>M1&—JL&>J¢J—JC|U
C(s)= Vo
R(s) s +s+\e

C(s) _ Q0/YTA s+ YAS/SVOR
R(s) s +\O/TTTas" +1) 00V s+ YAS/SVOR

J5& 5 c._-l.‘; Gl fovie das 0 S 4 |y oS Ol g 0l O‘ﬂdw‘lié—ﬂ‘-: YA-V &l
aidl> lghad 5 io o )l Sils, C"'L‘ e i Ol ps Lilodd 03l> QLIS 1 YAV

Wl 2 7 4 e
s=-Y/e\0) 3 i

s==0/YAAe jO/FAYY | s=-¥/VOVA 3o Lgdad

L_;th'-sszYOSec—‘ d_}-’.,' .JJJ‘L;‘ U:‘:“""be:’“'\‘:d‘f"(':":"'uﬁ‘:'c"ti J“Jﬂ:h“:c,“li’
0dld Ol pr e S Sliy) gllast Sl ol VK =000 ol (g3, bl 4 LB KL Sl

Alpas s o 035 s s adyl dal Ol (.:_.:...Jlf.b'l.- S las e ool VosecT

\

.C--ﬂ‘ Y8 o ;’l'J»:-".' rﬁ'—"*‘- -




MATLAB Program 7-28

%*****Unit-step responses*****

numl = [10];

den1 =[1 1 10];

num2 = [95.238 286.6759];

den2 =[1 15.3339 110.5719 286.6759];
t =0:0.01:6;

[c1,x1,t] = step(num1,dent,t);

[c2,x2,t] = step(num2,den2,t);

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

grid;

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

ylabel('Outputs')
text(1.70,1.45,'Uncompensated System')
text(1.1,0.5,'Compensated System')

Unit-Step Responses of Compensated and Uncompensated Systems
1.8 ; ; ; ;

1.6
1.4

1.2

1

Outputs

0.8 [
0.6

0.4

VFA-Y K

O Ol g 0l Ol LSLI*:*:-“-""U‘L,‘C“‘LL

I gl ledd esls QLIS V0=V K5 55 Lol sla g [ sdel oy C(5)/ sR(s) e
sl 0425 Q‘J“" f.:.....:.... _)ls.bl.d I Lguv- - S LJ‘J’"" (..I.....__.: )L{JJLA



il b sy By © JES slpatumn aloh y Jalad ¥ Jund  O8F

MATLAB Program 7-29

Y%*****Unit-ramp responses*****

numl = [10];

denl

num2 = [95.238 286.6759];

den2 = (1 15.3339 110.5719 286.6759 0];
t = 0:0.01:3;

[c1,x1,t] = step(num1,dent,t);

[c2,x2,t] = step(num2,den2,t);
plotit,c1, . 5c2, M 68 ");

grid;

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

ylabel('Outputs')

text(1.2,0.65,'Uncompensated System')

text(0.1,1.3,'Compensated System')
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MATLAB Program 7-30

num = [40];

den=[1 5 4 0];

w = logspace(-1,1,100);

bode(num,den,w)

title('Bode Diagram of G(s) = 40/[s(s + 1)(s + 4)]")
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Bode Diagram of G(s) = 40/[s(s + 1)(s + 4)]
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MATLAB Program 7-31

numc = [1 0.6 0.08];

denc = [1 4.02 0.08];

bode(numc,denc)

title('Bode Diagram of Lag-Lead Compensator')
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a=[1 4.02 0.08];
bh=sIN5 4 0];
conv(a,b)

ans =

1.0000 9.0200 24.1800 16.4800 0.320000 O
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Bode Diagram of Lag-Lead Compensator
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MATLAB Program 7-32
numl = [40 24 3.2];
denl =[1 9.02 24.18 16.48 0.32 0];
bode(num1,den1)
title('Bode Diagram of Gc(s)G(s)')
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C'(S)= G (5)G(s)
R(s) "+ G.(s)G(s)
" Fo(s+eo/¥)(s+2/Y)
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a(s)=(s+¥)(s+o/oY) =5 +¥oYs+0/0A
b(s)=s(s+\)(s+¥)=s +0s +¥s

c(s)=Yo(s+o/f)(s+o/¥)=Yos +YFs+ Y)Y

P.g_)‘) JL>-

a=[14.02 0.08]
b=[1540]
c=[40 24 3.2]
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a=[1 4.02 0.08);
b=[15 4 0];
c=[40 24 3.2];
p = [conv(a,b)] + [0 O O c]
p:
1.0000 9.0200 24.1800 56.4800 24.3200 3.2000

MATLAB Program 7-33
%*****Unit-step response****

num = [40 24 3.2];

den=[1 9.02 24.18 56.48 24.32 3.2];
t=0:0.2:40;

step(num,den;t)

grid

title('Unit-Step Response of Compensated System')
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Unit-Step Response of Compensated System
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MATLAB Program 7-34

%*****Unit-ramp response*****

num = [40 24 3.2];

den=[1 9.02 24.18 56.48 24.32 3.2 0];

t = 0:0.05:20;

¢ = step(num,den,t);

plot(t,c,'-' t,t,".")

grid ’

title('Unit-Ramp Response of Compensated System')
xlabel('Time (sec)')

ylabel('Unit-Ramp Input and Output c(t)')

Unit-Ramp Input and Output c(¢)

Unit-Ramp Response of Compensated System
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