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% 16.61 - Numerical example for \ddot x + 4 \dot x + 3 x

% Prof. How

clear all
T=0.05;

% actual IC
x0=4; x0dot=3;

% start numerics
xml=x0-x0dot*T;

NN=100;
X=[xml x0];
for 1i=3+[0:NN];

X(ii)=((4*T+2) *X(11-1)-X(1i-2)) / (1+4*T+3*T"2);

end

figure(l) ;clf
plot (X (2:NN), 'rs')

sys=ss ([0 1;-3 -41,[0 1]1',[1 0]1,0);
Y=initial (sys, [x0 x0dot]',T*[0:NN]");

hold on;
plot(Y);
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Radial X

Intrack Y

% LSIM model propagated using LSIM

% 16,61 Spr 02

% Jonathan How

%

n=2*pi/ (90*60) ;

A=[{0 1 0 0;3*n"2 0 0 2*n;0 0 0 1;0 -2*n 0 0];
B=[0 0;1 0;0 0;0 17;

C=[1 00 0;0 01 071;

D=zeros (2,2);

Hills=ss(A,B,C,D);

% time

t=[0:.01:5*pi]*90*60;

% control inputs
U=[ones(length(t),2)*0];U(1,1)=1;U(1,2)=.01;
% initial conditions

X0={0 0 100 0]';

% simulations

[Y,T] = 1sim(Hills,U,t,X0);

figure (1)

plot (Y (:,2),Y(:,1));
xlabel ('Intrack Y')
ylabel ('Radial X')

0.5
x 10



function y=mgrl(w) ;
% 16.61 - MGR case with radial MSD onboard

% Page 3-4 of notes

% Prof. How

% Call using lines at the bottom after the "return"”
%
1

f nargin < 1;w=2;end

R0=1; % radial offset

K=8;M=1; % random model parameters
% state space model of the dynamics
% state is [R; \dot R]

A=[0 1;-(2*K/M-w"2) 0];

B=[{0 RO*w"2]';

C=eye(2);

D=[0 0]1"';

% weird matlab form
sys=ss(A,B,C,D);

T=[0:.01:571;

% Linear model SIMulation
RR=lsim(sys,ones (size(T)),T);

% basic offset is RO, so y_actual=R0+R

figure(l);%clf

plot (T,RO+RR(:,1), [min(T) max(T)],RO0+R0O/ (2*K/M/w”2-1)*{1 1], 'LineWidth',2);
title(['Freq = ',num2str(w)])

axis ([min(T) max(T) 0 1.5*max(RR(:,1))+R0])

xlabel('time')

ylabel ('R")

return
subplot (311) ;mgrl(1l) ;subplot(312);mgrl(2);subplot(313);mgrl(3.8);
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+ IF  F(xX) TS NeNLINEAR TUEN WE HAVE To
WORK  JusT A& BT HARDER
- MPROXIMATE  OWFERENTIAL EQUATIA | RS BEFRE

gUT WE LET MﬂTLﬂ6® Do IT,

= @flL WE HAVE To SuPPLY TS 4
PROGRAM THAT CAN  COMPUTE X (= F(xX))
@VEN TUE CURRENT VALVES OF X,X

. TEN CRLL oPE2R
»  EXAMPLE : X+3x® =0 COBlC SPRING

% plant.m

X X
% x>
function [xdot] = plant(t,x)

¢ global n
X= -g'(x) xdot (1) = x(2);
xdot (2) = -3*(x(1))"n;
xdot = xdot';

K = [’;{] return

% call_plant.m

lobal

™S PART global n A
x0 = [-1 2];

CALLS THE [T,x]=ode23('plant', [0 12], x0);
ne1; LISEAR

TOf Pﬂ'\T. [T1l,x1]=0de23('plant’', [0 121, x0);

subplot (211)
plot(T,x(:,1),T1,x1(:,1),'-=-");
legend('Nonlinear', 'Linear’')
yvlabel('X")

xlabel ('Time"')

subplot(212)

plOt(Ttx(:J2}rTle]-(:rz)r‘__');
legend('Nonlinear', 'Linear’')
ylabel('V')

xlabel ('Time"')
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