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Building the Model using Simulink
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Open-Loop Response
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t=0; % Initial time
dt=0.01; % step size
tsim=3; % Simulation time
n=round( (tsim-t)/dt); % number of iterations
%system parameters
J=0.01;
b=0.1;
K=0.01;
R=1;
L=0.5;
A = [0 1 0; 0 -b/J K/J; 0 -K/L -R/L];
B = [0 ; 0 ; 1/L];
X=[0 0 0 ]';
u=1;
for i=1:n
    X1(i,:)=[t,X'];
    dx=A*X+B*u;
    X=X+dx*dt;
    t=t+dt;
end

subplot(3,1,1)
plot(X1(:,1),X1(:,2),'b.')
xlabel('time')
ylabel('Angle')
grid
subplot(3,1,2)
plot(X1(:,1),X1(:,3),'r.')
xlabel('time')
ylabel('Angular Velocity')
grid
subplot(3,1,3)
plot(X1(:,1),X1(:,4),'c.')
xlabel('time')
ylabel('Current')
grid
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t=0; % Initial time
dt=0.01; % step size
tsim=3; % Simulation time
n=round( (tsim-t)/dt); % number of iterations
%system parameters
J=0.01;
b=0.1;
K=0.01;
R=1;
L=0.5; 
A=[0 1 0;0 -b/J K/J;0 -K/L -R/L];
B=[0;0;1/L];
X=[0 0 0]';
u=1;
for i=1:n
    X1(i,:)=[t,X'];
    if X1(i,3)>=0.08
        disp(X1(i,1))
        break
    end

dx=A*X+B*u;
    X=X+dx*dt;
    t=t+dt;
end 

Mathematical techniques using state space model
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Verification using Simulink

x' = Ax+Bu

 y = Cx+Du

State-Space Scope

0.2008

Display

2.01

Constant
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clc
clear
%system parameters
J=0.01;
b=0.1;
K=0.01;
R=1;
L=0.5; 
A=[0 1 0;0 -b/J K/J;0 -K/L -R/L];
B=[0;0;1/L];
for u=1:0.01:5
    t=0; % Initial time
    dt=0.01; % step size
    tsim=15; % Simulation time
    n=round( (tsim-t)/dt); % number of iterations
    X=[0 0 0]';
    for i=1:n;
       X1(i,:)=[t,X'];

dx=A*X+B*u;
       X=X+dx*dt;
       t=t+dt;
    end 
    if X1(n,3)>=0.2
      disp(u)
      break
     end
 end
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Extract transfer function model from state space model

x' = Ax+Bu

 y = Cx+Du
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Verification process

2
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Transfer Fcn

x' = Ax+Bu

 y = Cx+Du
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System Modeling using Transfer Function

https://manara.edu.sy/

https://manara.edu.sy/

https://manara.edu.sy/


https://manara.edu.sy/

https://manara.edu.sy/

https://manara.edu.sy/


https://manara.edu.sy/

https://manara.edu.sy/

https://manara.edu.sy/


https://manara.edu.sy/

https://manara.edu.sy/

aux = tf(K,conv([L R],[J b]));
Gv = feedback(aux,K)
Ga = tf(1,[1 0])*Gv

Gv =
             0.01
  ---------------------------
  0.005 s^2 + 0.06 s + 0.1001
Continuous-time transfer function.

Ga =
               0.01
  -------------------------------
  0.005 s^3 + 0.06 s^2 + 0.1001 s
Continuous-time transfer function.

J=0.01;
b=0.1;
K=0.01;
R=1;
L=0.5;
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aux = tf(K,[L R])*tf(1,[J b]);

s = tf([1 0],1);
Gv = K/((L*s + R)*(J*s + b) + K^2)
Ga = Gv/s

Gv =
             0.01
  ---------------------------
  0.005 s^2 + 0.06 s + 0.1001
Continuous-time transfer function.

Ga =
               0.01
  -------------------------------
  0.005 s^3 + 0.06 s^2 + 0.1001 s
Continuous-time transfer function.
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Gv.InputName = 'Voltage';
Gv.OutputName = 'Velocity'
Ga.InputName = 'Voltage';
Ga.OutputName = 'Angle'

Gv =
  From input "Voltage" to output "Velocity":
             0.01
  ---------------------------
  0.005 s^2 + 0.06 s + 0.1001
 
Continuous-time transfer function.

Ga =
  From input "Voltage" to output "Angle":
               0.01
  -------------------------------
  0.005 s^3 + 0.06 s^2 + 0.1001 s
 
Continuous-time transfer function.
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G = [Gv; Ga]

step(G);
grid

G =
  From input "Voltage" to output...
                         0.01
   Velocity:  ---------------------------
              0.005 s^2 + 0.06 s + 0.1001
 
                        0.01
   Angle:  -------------------------------
           0.005 s^3 + 0.06 s^2 + 0.1001 s
 
Continuous-time transfer function.
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Model of a Relay-Controlled Motor
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