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* moment of inertia of the rotor (J) = 0.01 kg.m”2/s"2

* damping ratio of the mechanical system (b) = 0.1 Nms

* electromotive force constant (K=Ke=Kt) = 0.01 Nm/Amp
* electric resistance (R) = 1 ohm

* electric inductance (L) =0.5H
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*input (V): Source Voltage
* output (theta): position of shaft
* The rotor and shaft are assumed to be rigid
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*electrical resistance (R) =1 ohm

*electrical inductance (L) =0.5H

*electromotive force constant (Ke=Kt) = 0.01 Nm/Amp
*moment of inertia of the rotor (J) = 0.01 kg*m”2/s"2
*damping ratio of the mechanical system (b) = 0.1 Nms
*input (V): Source Voltage

*output (theta dot): Rotating speed

*The rotor and shaft are assumed to be rigid
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« Settling time: Less than 2 seconds
« Overshoot: Less than 5%
« Steady-state error: Less than 1%
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[numDz,denDz] = c2dm (num,den,Ts,'zoh")
[F,G,H,J] = c2dm (A,B,C,D,Ts,'zoh")
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R=1;
L=0.5;
Kt=0.01;
J=0.01,;
b=0.1;

num = Kt;
den = [(J*L) (J*R)+(L*b) (R*b)+(Kt 2)];

Ts=0.12;
[numz,denz] = c2dm(num,den,Ts,'zoh")
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numz =

0 0.0092 0.0057

denz =

1.0000 -1.0877 0.2369
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Viz} 32 _1.0877z - 0.2368
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numz = [numz(2) numz(3)];
[numz_cl,denz_cl] = cloop(numz,denz);
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[x1] = dstep(numz_cl,denz_cl,101);
t=0:0.12:12;

stairs(t,x1)

xlabel("Time (seconds)’)
ylabel("Velocity (rad/s)")
title('Stairstep Response:Original’)

Starstep Response:Original
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« Settling time less than 2 seconds
« Overshoot less than 5%
« Steady-stage error less than 1%
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J=0.01;

b=0.1;

K=0.01;

R=1;

L=0.5;

num=K;

den=[(J*L) ((J*R)+(L*b)) ((b*R)+K"2)];
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Kp=100;
numa=Kp*num;
dena=den;
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[numac,denac]=cloop(numa,dena);
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t=0:0.01:5;
step(numac,denac,t)
title('Step response with Proportion Control’)

Step response with Froportion Control
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J=0.01;



http://www.engin.umich.edu/group/ctm/extras/step.html
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num=K;
den=[(J*L) ((J*R)+(L*b)) ((b*R)+K"2)];

Kp=100;

Ki=1;

Kd=1;

numc=[Kd, Kp, Ki];

denc=[1 0];
numa=conv(num,numc);
dena=conv(den,denc);
[numac,denac]=cloop(huma,dena);
step(numac,denac)

title('PID Control with small Ki and Kd")
PIL Control with small Ki and Kd
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PIL Control with large Ki
1.4 . . . .

¥
T
1

i

Amplitude
o] o]
o

=
T
T
1

=
M2
T
1

|:| 1 1 1 1
0 0.2 06 0.8 1
QI“il]rrne (5ecs)

Kd Jla - ol sads slyy OVErShOOt 5 conl sads p e Hlocs sy € avinne Vs

Do aal A ) oo s 4 eaooa anSee10 1, Kd L aiie sb; overshoot Luals sl

FILy Control
1.2 . . . .

Amplitude
= =
L] o0

=
=
T
1

=
o
1

|:| 1 1 1 1
0 0.2 0.6 0.8 1
Qrﬁ}me [secs)

ol cas auil Gals ) LS55 L LIS PID S S aS ailine L Vs 053
cau S aal i La )l sk




WWW.Ir-micro.com

Kp=100,
Ki=200,
Kd=10,

% Discrete PID controller with bilinear approximation

Kp = 100;
Ki = 200;
Kd = 10;

[dencz,numcz]=c2dm([1 0],[Kd Kp Ki], Ts,'tustin’);
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numaz = conv(numz,numcz);
denaz = conv(denz,dencz);
[numaz_cl,denaz_cl] = cloop(numaz,denaz);

[x2] = dstep(numaz_cl,denaz_cl,101);
t=0:0.12:12;

stairs(t,x2)

xlabel('Time (seconds)’)

ylabel(*Velocity (rad/s)")

title('Stairstep Response:with PID controller')

5 . 1':'35 stairstep Responsewith FIL controller

3]
Time (seconds)
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rlocus(numaz,denaz)
title('Root Locus of Compensated System’)

Hoof Locus of Compensated System
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dencz = conv([1 -1],[1.6 1])
numaz = conv(numz,numcz);
denaz = conv(denz,dencz);

rlocus(numaz,denaz)

title("Root Locus of Compensated System');
[K,poles] = rlocfind(numaz,denaz)
[numaz_cl,denaz_cl] = cloop(K*numaz,denaz);

[x3] = dstep(humaz_cl,denaz_cl,101);
t=0:0.12:12;
stairs(t,x3)
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xlabel('Time (seconds)’)
ylabel(*Velocity (rad/s)")
title('Stairstep Response:with PID controller')
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Stairstep Responsewith FIL controller

5 10 12
Time (seconds)
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