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Nnum=100;
den=[1 1 0];
G=tf(num,den)

u=linspace(1,1,200);
t=linspace(0,10,200);

[v]=Isim(feedback(G,1),u,t);
figure(1)

plot(t,y);
grid on

w=logspace(0,3,200);

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

[gm,pm,wcg,wcp]=margin(G)
figure(2)
margin(num,den)



phimax=50;
alpha=(1-sin(pi*phimax/180))/(1+sin(pi*phimax/180))
10*log10(1/alpha)

[w' 20*log10(mag) phase ]

wmax=16.5;
T=1/(wmax*sqrt(alpha));
numl=[T 1];
denl=[T*alpha 1];



NAA
IVI/M

TI AD Ilanad m
1 LAD ICAu.lll
num=conv(nhuml,num);

den=conv(denl,den);
[mag,phase]=bode(num,den,w);
[gm,pm,wcg,wcp]=margin(mag,phase,w)
figure(3)

margin(num,den)

[Y]=Isim(feedback(tf(hnum,den),1),u,t);
figure(4)

plot(t,y);
grid on

D=tf(hum1l,denl)
Dz=c2d(D,1/2000, 'tustin")



alpha =

1.3247e-001

ans =

8.7787e+000

ans =

1.0000e+000 3.6990e+001 -1.3500e+002

1.4481e+001 -6.4528e+000 -1.7605e+002
1.4993e+001 -7.0545e+000 -1.7618e+002
1.5522e+001 -7.6562e+000 -1.7631e+002
1.6071e+001 -8.2580e+000 -1.7644e+002
1.6638e+001 -8.8599e+000 -1.7656e+002
1.7226e+001 -9.4618e+000 -1.7668e+002



Magnitude (dB)

Phase (deg)

Bode Diagram
Gm = Inf dB (at Inf rad/sec) , Pm=5.72 deg (at 9.97 rad/sec)
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Gm = Inf dB (at Inf rad/sec) , Pm=53.4 deg (at 16.6 rad/sec)
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e Digital Implementation

2 2-1
T ———+1

D(z )_U(z) K Ts+1 _K T, z+1
E(z) aTs+1 Tzzi aT22—1+1

z+1

1
u(k) = K (T, +2T)e(k) + K (T, - 2T Je(k -1) + (2&T —T, )u(k -1
(k) T+2aT[ (k) + (k=1)+( Ju(k-1) ]

S
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D=tf(hum1l,denl)
Dz=c2d(D,1/2000, 'tustin")

Transfer function:
0.1665s + 1

0.02206s + 1

Transfer function:
7.475 z - 7.453

Sampling time: 0.0005
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Q.
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Freguency Response of Digital

System
Y(z)=G(2)U(2)
. ZSIn oT
U(z)=Z|sinat]= (z—ej“’T)(z—e‘j”T)
G(z)zsinwT K,Z K,Z
Y= e ) 2= o Tl
\=7% N\fTE ) ST -
Y_(2) = K,z N K,z

Z_eja)T Z_e—ja)T
_G(eM)sinaT  G(e')

kl eja)T . e—ja)T o 2 j




Freguency Response of Digital
System

G(e'")=|G(e"")|e”,0=£G(e)

1 2]
) _‘G(ej“”)‘e“'@ ) ‘G(e’”)‘e‘j@
=2 2]

Ve (KT) =K, (€77 ) +ky(e777) = |G (&) [sin(kT + )



Freguency Response of Digital
System

G(z) > |G(e*")|, £G(e'")

G(s) = |G(jw)|, £G(jw)



>> G=tf(1,[1 1])

Transfer function:

>> Gz=c2d(G,0.1)

Transfer function:
0.09516

Sampling time: 0.1
>=> figure;bode(G)
>=> figure;bode(Gz)
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Figure 7-4 Mapping from s-plane to z-plane to w-plane.
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N=200;
Ts=1/100

Gp=tf(100,[1 1 O0])
Gz=c2d(Gp,Ts,'zoh")

figure(l)
step(feedback(Gz,1),10)

Gw=d2c(Gz,"tustin")
figure(2)
margin(Gw);

w=logspace(-2,3,N);
[mag,phase]=bode(Gw,w);
for i=1:N
Gw_mag((i)=mag(i);
Gw_phase(i)=phase(i);
end
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ViRl LAD 1CAdu IUI 111
phimax=50;

alpha=(1-sin(pi*phimax/180))/(1+sin(pi*phimax/180))
10*logl0(1/alpha)

[w' (20*logl0(Gw_mag))' Gw_phase']

wmax=16.5;
T=1/(wmax*sqrt(alpha));
numl1=[T 1];
denl=[T*alpha 1];

Dw=tf(huml1,denl)

figure(3)
margin(Dw*Gw)

Dz=c2d(Dw,Ts, 'tustin")
figure(4)
step(feedback(Dz*Gz,1),10)
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Transfer function:
100

Transfer function:
0.004983 z + 0.004967

zN2 -1.99z + 0.99
Sampling time: 0.01

Transfer function:
-4.167e-006 s™2 - 0.4992 s + 100

s"N2 +s+ 1.11e-013
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alpha =

1.3247e-001

ans —

8.7787e+000

ans —

1.0000e-002 8.0000e+001 -9.0576e+001

1.4650e+001 -6.6302e+000 -1.8028e+002
1.5522e+001 -7.6302e+000 -1.8074e+002
1.6447e+001 -8.6300e+000 -1.8121e+002
1.7426e+001 -9.6297e+000 -1.8169e+002
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Transfer function:
0.1665s + 1

0.02206 s + 1

Transfer function:

6.339 7z - 5.969

z - 0.6304

Sampling time: 0.01
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Bode Diagram
Gm=20.6 dB (at 88.6 rad/sec) , Pm=48.7 deg (at 16.6 rad/sec)
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Gz &

N=200;

Ts=1/100
Gp=tf(40,[0.1 1 O])
Gz=c2d(Gp,Ts,'zoh")

figure(1)
margin(Gz);

Gw=d2c(Gz,'tustin")
figure(2)
margin(Gw);

w=logspace(-2,2,N);
[mag,phase]=bode(Gw,w);
for i=1:N
Gw_mag(i)=mag(i);
Gw_phase(i)=phase(i);
end



Gz 2F Gw 2| GM I PM

phimax=50;
alpha=(1-sin(pi*phimax/180))/(1+sin(pi*phimax/180))
10*logl0(1/alpha)

[w' (20*log10(Gw_mag))' Gw_phase’]

wmax=33;
T=1/(wmax*sqrt(alpha));
numl1=[T 1];
denl=[T*alpha 1];

Dw=tf(huml,denl)

figure(3)
margin(Dw*Gw)

Dz=c2d(Dw,Ts, 'tustin")
figure(4)
margin(Dz*Gz)
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Gz 2 Gw 2

Bode Diagram
Gm=14.1dB (at 44.4 rad/sec) , Pm=22.7 deg (at 18.8 rad/sec)
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Magnitude (dB)

Phase (deg)

Gz 2t Gw

Bode Diagram
Gm=15.5dB (at 134 rad/sec) , Pm=58.1 deg (at 32.4 rad/sec)
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