Review: Controller Design

In Frequency Domain



Feedback Control System
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Frequency Response
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Frequency Response and Poles
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Bode Plot
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Bode Plot
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Nyquist Plot
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Nyquist Plot

Im[G(s)H (S)]
A

> Re|G(s)H(s)]




Nyquist Plot

Im[G(s)H(s)]

Re[G(s)H(s)]



Stability Margin
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Stability Margin
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Control System

Continuous-time controller
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_— |D(JA'0))LB
D(s) = K —+
als+1 20log,, - e
o |

» @ (rad / sec)

» o (rad / sec)




Lead Compensator
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MATLAB lead.m

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

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

[y]=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,wep]l=margin(G)
figure(2)

margin(num,den)



MATLAB lead.m

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];



MATLAB lead.m

num=conv(numl,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(num,den),1),u,t);
figure(4)

plot(t,y);
grid on

D=tf(hnum1l1,denl)
Dz=c2d(D,1/2000, 'tustin")



MATLAB lead.m

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



MATLAB lead.m

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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MATLAB lead.m

Magnitude (dB)

Phase (deg)

Bode Diagram

Gm=Inf dB (at Inf rad/sec) , Pm=53.4 deg (at 16.6 rad/sec)
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Digital Implementation

= Tustin’s Method
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