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%
% ECE 601 Fall 2025
%
% Homework 8, Problem 3
%
% MATLAB R2023a
%
 
clc;
clear all;
close all;
 
% system parameters
 
m=0.01;
g=9.8;
ks=15;
ds=0.10;
km=0.005;
dm=0.12;
 
% equilibrium function
 
x1e=0.11;
x2e=0;
xe=[x1e x2e]';
ue=sqrt(((ks/m)*(x1e-ds)-g)*(m/km)*(x1e-dm)^2);
 
% linear model
 
alpha=-(ks/m)-(2*km/m)*(((ue^2)/((x1e-dm)^3)));
beta=(2*km/m)*(ue/((x1e-dm)^2));
A=[0 1;alpha 0];
b=[0 beta]';
c=eye(2);
d=zeros(2,1);
ltiSys = ss(A,b,c,d);
sys = tf(ltiSys);
 
% state feedback
 
Im_modes=imag(eig(A));
omega=Im_modes(1);
period=(2*pi)/omega; % open-loop systems period
sigma=2; % damping
clpoles=[-1*sigma*period+1i*omega -1*sigma*period-1i*omega];
k=place(A,b,clpoles);
Acl=A-b*k;
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% Run the Simulink simulation 

T=3; 
pulseon=0.0;
pulsewidth=0.05;
pulsesize=0.1*ue;

sim('spring_electromagnet_system',T);

figure(1)

subplot(2,1,1);
hold on;
grid on;
plot(time,x1,'k-');
plot(time,xL(:,1),'r--')
legend('nonlinear','linear')
xlabel('time (sec)');
ylabel('x_1 (m)');
hold off

subplot(2,1,2);
hold on;
grid on;
plot(time,x2,'k-');
plot(time,xL(:,2),'r--')
legend('nonlinear','linear')
xlabel('time (sec)');
ylabel('x_2 (m/s)');
sgtitle('pulse responses');
hold off;

orient 'landscape';
print('hw8 prob3','-dpdf','-fillpage');
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