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Numerical Integration-Computation Time: 0.360593 s.
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Exponential Solution-Computation Time: 0.126068 s.
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Probln 3
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function hw9 ()
clear all

close all
clc

tProblem set up

% Constants Definition

p.ml=l; p.m2=2; p.m3=5; p.k1=2; p.k2=0.1; p.k3=1; p.kd4=4; p.cl=1; pP.c2=0.4; p.c3=0.2; p.«
c4=3;

tmax = 150; % duration of integration

n=1000;

tspan= linspace(0,tmax,n+l); % time steps

x0=[-2 1 5]'; % initial Conditions

vO0=[10 =15 20]"';

M=diag([p.ml,p.m2,p.m3]); % Mass Matrix

K=[p.kl+p.kZ2 -p.k2 0; -p.k2 p.kl+p.k2 -p.k3; 0 -p.k3 p.k3+p.k4]; % Stiffness Matrix

a=0.01; b=0.03; % Relative constants for case C=al+blL
C=a*M+b*K;

% C=[p.cl+p.c2 -p.c2 0; -p.c2 p.cl+p.c2 -p.c3; 0 -p.c3 p.c3+p.cd]; % Stiffness Matrix«
(General Case)

% The three requested functions
dampedNUM (tspan,x0,v0,K,M,C) % Solution with ODEA45

exponSolndamp (tspan,x0,v0,K,M,C) % Solution with the Exponential Solution
dampedclassic(tspan,x0,v0,K,M,C,a,b) % Analytical Solution '

end
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% Numerical Solution

function dampedNUM(tspan,x0,v0,K,M,C)

$Initial conditions
z0 = [x0; vO0);

% solver setup

options = odeset('reltol',le-10, 'abstol',le-10):;

tic; % Starting counting time

[t,zarray,tcost] = oded5 (RODEs, tspan, z0,options,K,M,C);
tcost=single(toc); % Stopping counting time



X1l= zarray(:,1);
X2= zarray(:,2);
X3= zarrav(:,3):;

¥ Plot Setup

subplot (J3,1,1); plOt(terr'b'rtrxzr'g'rtrX3r'r')

axis('tight');

titlestring = sprintf ('Numerical Integration-Computation Time: $%1f g
title(titlestring)

ylabel ('Displacement (m)"')

Xlabel ('Time (s) ')

legend('m_{l}','m_{2}','m_{3}')

hold on

grid

tcost) ;

end
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
function zdot = ODEs (t,z,K,M,C)
¥ ODEs of motion
n=length (z) ;
re2(1:0.5%*n);
v=2 (0.5*n+1:end) ;
rdot=v;
mall=diag (M, 0) ;
Kx=K*r;
cv=C*vy;
==-kx./mall-cv./mall:
vdot=a;

zdot = [rdot; vdot];
end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
¥ Exponential Solution

function exponSolndamp(t,xO,vO,K,M,C)

n=length (x0) ;

20=[x0; vO0];

tic

A=zeros (2*n, 2*n) ;
A(l:n,n+1:end)=eye(n);
A(n+l:end, l:n)=-inv (M) *K;
A(n+l:end,n+l:end)=-inv(M)*C;

for i=l:length (t)



z(:,1i)=expm(A*t (1)) *z0;
end
tcost=tocC;

% Piot Setup

gRblot (3, 1,2); 'plaiC, 241,000 D" ; L, 2(2, : ), 'aV,t,;, 2(3, 1)y Y]

axis('tight'); titlestring = sprintf ('Exponential Solution-Computation Time: %1f s.',K«
tcost) ;

title(titlestring)

ylabel ('Displacement (m) ')

xlabel ('Time (s)')

legend('m_{l}','m_{Z}','m_{3}')

hold on

grid

end

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
s Classical Method

function ([tarray,xarray] = dampedclassic(t,x0,v0,K,M,C,a,b)

n=length (x0) ;

tic:
nnews=M" (=,9) *K*M* (=, 5) ;
[P,L]=eiqg (Knew) ;

UsM® {=.3)*P;
w2=diag (L, 0) ;

wn=sqrt (wl) ;

Mid=a*ones(n,l) +b*w2;
zd=Mid./ (2*wn) ;
wd=wn. *sqrt (1-zd."2) ;

$Solve for initial conditions >

x0new=U\x0;
vOnew=U\vO0;

bl=x0Onew;
b2=(vOnew+zd. *bl) ./wd;

for 1i=1:n
r(i,:)=exp(-zd(i)*wn(i)*t').*(bl(i)*cos(wd(i)*t')+b2(i)*sin(wd(i)*t'));

end

X=U*r;
tcost=tocC,;

¥ Plot Setup
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axis('tight'); titlestring = sprintf('Classical Method-Computation Time: %1f s.', tcost);
title(titlestring)

ylabel ('Displacement (m) ')

xlabel ('Time (s)')

legenda(‘m A1), "m 2}, tm f3Er)
grid

end



