Solution
[bookmark: _GoBack]Transfer function:

[bookmark: OLE_LINK1]
For PD, PID with 5 % percentage overshoot and PID with 0 % percentage overshoot 
Manually write the values of sigma1 and omega1 below to do:
· Find gain K for original system.
· Find peak time for original system
· Find closed loop poles.
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MATLAB CODE
clc
clear all
close all
A=16;
B=0.6;
C=36;
D=-180;
 
 
%% Root-locus for original system
den = [0.1 A B C];
num = [D];
 
s=tf('s');
F=D/(0.1*s^3+A*s^2+B*s+C);
 
%% Initialization parameters
OS = 5/100;
zeta = -log(OS)/sqrt(pi^2+(log(OS))^2);
z1 = 8;
p1 = 3; p2 = 6; p3 = 10;
Tp_reduction = 2/3;
 
 
%% Root-locus for original system
sys = F;
 
 
 
 
%% for original system
theta = acos(zeta)
sigma = linspace(-4,-6,1000); 
omega = -sigma*tan(theta);
for i=1:length(omega)
    angle_condition(i) =  ... %need to set the angle condition manually
                          atan2(omega(i),sigma(i)+z1) ...
                         -atan2(omega(i),sigma(i)+p1) ...
                         -atan2(omega(i),sigma(i)+p2) ... 
                         -atan2(omega(i),sigma(i)+p3) ...
                         ;
end
angle_condition_degrees = angle_condition*(180/pi);
 
[sigma', omega', angle_condition_degrees']
disp('Choose value that gives the last column equal to 180 degrees');
 
%%
 
sigma1 = -5.4154; omega1 = 10.5708;
j = sqrt(-1);
s1 = sigma1+omega1*j;
K = abs(s1+p1)*abs(s1+p2)*abs(s1+p3)/(abs(s1+z1))
 
 
disp('Peak time for original system');
Tp_original = abs(pi/omega1)
 
% find poles of the closed loops system
poly = den + K*[0 0 0 num]; 
disp('Closed loop poles corresponding to K are');
roots(poly)
 
%% 
Tp_compensated = Tp_original*Tp_reduction
omega1 = pi/Tp_compensated
theta = acos(zeta);
%omega1 = -sigma1*tan(theta)
sigma1 = -omega1/tan(theta)
 
%% Root-locus for system with compensator
angle_condition_degrees = [];
zc = linspace(40,60,1000); %zero
for i=1:length(zc)
    angle_condition(i) =  ... %need to set the angle condition manually
                          atan2(omega1,sigma1+zc(i)) ...
                         +atan2(omega1,sigma1+z1) ...
                         -atan2(omega1,sigma1+p1) ... 
                         -atan2(omega1,sigma1+p2) ...
                         -atan2(omega1,sigma1+p3) ...
                         ;
end
angle_condition_degrees = angle_condition*(180/pi);
    
[zc', angle_condition_degrees']
disp('Choose value of first column (a), that gives the last column of 180 degrees');
 
%% Root locus of the system with PD control
zc = 55.9560;
den2 = conv([1 p1],conv([1 p2],[1 p3]));
num2 = conv([1 zc],[1 z1]);
sys2 = tf(num2,den2);
% 
%% Find the gain K2 and the closed loop poles to check for the 2nd order approximation
j = sqrt(-1);
s1 = sigma1+omega1*j;
K2 = abs(s1+p1)*abs(s1+p2)*abs(s1+p3)/(abs(s1+zc)*abs(s1+z1))
 
% find poles of the closed loops system
poly2 = den2 + K2*[0 num2]; 
disp('Closed loop poles corresponding to K2 are');
roots(poly2)
 
% the other root is the reflection across x-axis 
%sigma2 = sigma1; omega2 = -omega1;
 
%% time domain plots to compare original system with compensated system %%
T_closedloop = feedback(K*sys,1);
T_closedloop2 = feedback(K2*sys2,1);
tfinal = 5;
[y,t] = step(T_closedloop,tfinal);
[y2,t2] = step(T_closedloop2,tfinal);
 
h=figure(3);
plot(t,y,'k','Linewidth',2); hold on %hold on ensures that subsequent plots are not erased.
plot(t2,y2,'r-.','LineWidth',2);
h=legend('original','w compensator','Location','SouthEast');
set(h,'FontSize',14); %set the legend fontsize
xlabel('t');
ylabel('c(t)');
title('PD compensator');
grid on
saveas(gcf, 'PD.png', 'png') %save figure as a png file
 
%[t2 y2]  %can visually find it or use the max value below.
[val,index] = max(y2);
Tp_PD_sim = t2(index)
disp(['Desired peak time is Tp_compensated =  ', num2str(Tp_compensated)]); 
 
disp(['Steady state error for original system is = ',num2str(1-y(end))]);
disp(['Steady state error for PD compensated system is = ',num2str(1-y2(end))]);
 
%% Root locus for PID compensator
p4 = 0;
z4 = 0.5;
den3 = conv([1 p4],conv([1 p1],conv([1 p2],[1 p3])));
num3 = conv([1 z4],conv([1 zc],[1 z1]));
sys3 = tf(num3,den3);
figure(4)
rlocus(sys3)
xlim([-120 10]);
sgrid(zeta,[10 20])
 
%% Table look-up to find s for original system
theta = acos(zeta)
sigma = linspace(-6,-8,1000); %look at root locus to get a guess
omega = -sigma*tan(theta);
for i=1:length(omega)
    angle_condition(i) =  ... %need to set the angle condition manually
                          atan2(omega(i),sigma(i)+z1) ...
                         +atan2(omega(i),sigma(i)+zc) ...
                         +atan2(omega(i),sigma(i)+z4) ...
                         -atan2(omega(i),sigma(i)+p1) ...
                         -atan2(omega(i),sigma(i)+p2) ... 
                         -atan2(omega(i),sigma(i)+p3) ...
                         -atan2(omega(i),sigma(i)+p4) ...
                         ;
end
angle_condition_degrees = angle_condition*(180/pi);
 
[sigma', omega', angle_condition_degrees']
disp('Choose value that gives the last column equal to 180 degrees');
 
 
 
%% time domain plots to compare PID w original %%
sigma2 = -7.5135;
omega2 = 14.6662;
j = sqrt(-1);
s2 = sigma2+j*omega2;
K3 = abs(s2+p1)*abs(s2+p2)*abs(s2+p3)*abs(s2+p4)/(abs(s2+z1)*abs(s2+zc)*abs(s2+z4))
 
T_closedloop3 = feedback(K3*sys3,1);
%tfinal = 5;
%[y,t] = step(T_closedloop,tfinal);
[y3,t3] = step(T_closedloop3,tfinal);
 
[val,index] = max(y3);
Tp_PD_sim = t3(index)
disp(['Desired peak time is Tp_compensated =  ', num2str(Tp_compensated)]); 
 
disp(['Steady state error for original system is = ',num2str(1-y(end))]);
disp(['Steady state error for PD compensated system is = ',num2str(1-y2(end))]);
 
 
h=figure(5);
plot(t,y,'k','Linewidth',2); hold on %hold on ensures that subsequent plots are not erased.
plot(t3,y3,'r-.','LineWidth',2);
h=legend('original','w compensator','Location','SouthEast');
set(h,'FontSize',14); %set the legend fontsize
xlabel('t');
ylabel('c(t)');
title(' PID compensator for 5');
grid on
saveas(gcf, 'PID5.png', 'png') %save figure as a png file
 
sigma2 = 1.5135;
omega2 = 0;
j = sqrt(-1);
s2 = sigma2+j*omega2;
K3 = abs(s2+p1/2)*abs(s2+p2/2)*abs(s2+p3)*abs(s2+p4)/(abs(s2+z1)*abs(s2+zc)*abs(s2+z4))
 
T_closedloop3 = feedback(K3*sys3,1);
%tfinal = 5;
%[y,t] = step(T_closedloop,tfinal);
[y3,t3] = step(T_closedloop3,tfinal);
 
 
 
h=figure(6);
plot(t,y,'k','Linewidth',2); hold on %hold on ensures that subsequent plots are not erased.
plot(t3,y3,'r-.','LineWidth',2);
h=legend('original','w compensator','Location','SouthEast');
set(h,'FontSize',14); %set the legend fontsize
xlabel('t');
ylabel('c(t)');
title(' PID compensator for 0');
grid on
saveas(gcf, 'PID0.png', 'png') %save figure as a png file
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