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function run hw7 23()
20 = {1 0 -1 Q00 0} ¥(XL x2 x3 xldot x2dot x3dot]

tspan = 0:0.001:10;
[tarray, zarray] = oded45(@fun hw7 23, tspan, z0);

x1l = zarray(l:100:end, 1)
X2 zarray(1:100:end, 2) ;
X3 = zarray(l:100:end, 3);
t = tarray(1:100:end);

nlot(t,xl, '+", €, %2, "Flreuael. g1

end

function zdot = fun hw7 23(t, z)
zdot = zeros(6,1);

K=102 -10; -1 2 -1 0 =1 21:
M = eye(3);

gadot (l:3) = Z2(4:6);

-M\K*z (1:3) ;

zdot (4:6)

end

normal mode x=(1; 0; -1]

time

¥ distance



H25. For your three mass system (above), find the motion if you are given initial positions

and velocities. In some special cases (including at least one normal mode shape), check
your motion against direct integration of the ODEs.

Solution: The general solution to the above expression is given by

3

=1

where the w; are the frequencies of the synchronous normal mode oscillations and ¢, ./,
denote constants depending on the initial conditions. Thus we must backsolve for the
constants given xy = x(0) and vy = x'(0). We proceed as follows:

3
X0 — Zcz’,cut
=1
C1,c
o (Ul uy U:s) C2,c
C3,c
Cl,c
= | C2.c = (u1 9 U3)IX0-.
C3,c

where we have used the fact that the othonormal matrix of cigenvectors has inverse
equal to its transpose.

Similarly, we have

3
Vg = E (J*EESLU?;U;@
=1
cl,s
= W(u; uz; ug) | o
C3.8
C1,s .
—1
= | Cos '- (ll] 80 US) W X0
C3.¢

where W is the diagonal matrix with w; on the diagonal.

We now provide code to calculate x(t) given (xg, Vo) = xinit(1 : 6):




7oActual solution

Ke=-1~2i1:0:2,~2,1;0,1,-2]

LV,D]=eigs(K); % Calculate omega squared and normal modes
os=sqrt (D) ;

cc=V’*xinit(1:3); % Cosine constants

cs=(Vxos)\ xinit(4:6); % Sine constants

for i=1:3
xlpart(i,:)=cc(i)*cos(os(i,i)*t)+cs(i)*sin(os(i,i)*t);
end

for i=1:3

xoft(i,:)=V(i,1)*xipart(1,:) + V(i,2)*xlpart(2,:) + V(i,3)*xipart(3,:);
% x(t)

end

The result of this theory is plotted in comparison with simulation:

time

Figure 2: Numerical comparison: diamonds indicate computed output, lines indicate theo-
retical values. Initial conditions: zy = (1,3,2), vo = (7, —1,2), k =m = 1.
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Figure 3: Error plots for each mass: x; — @; theory- Initial conditions are as above.

We note the increasing error, which we attribute to the culmination of numerical errors

due to the ODEA45 solver.

We repeat this process with a normal mode, [1 0 — 1|" started from rest.

s

-
0

time

Figure 4: As figure 2, but with initial conditions xo = [1 0 — 1|, and v, = [0 0 0].
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function run hw7 40 ()

z0 = [1
tspan =

1 1 Q0 0l; $IR1 %2 x3 xldot x2dot x3dot]
0:0.005:1000;

l[tarray, zarray] = oded5(@fun hw7 40, tspan, z0);

x1 zarray(l:100:end, 1) ;
X2 zarray(1:100:end, 2) ;

X3 zarray(1:100:end, 3) ;

t = tarray(l:100:end) ;

w = 1*pi;

K= [Z7=d 0; =1 & =Lyl ig]n
M = eye(3);

Xss = inv(-w*2*M+K)*[0;0;1];

Xlb = x88(1)*sin(w*t):
xX2b = xs8s(2)*sin(w*t) ;
X3b = xs8s8(3)*sin(w*t);

start = floor(9*length(t)/10);

range = start:length(t);

figqure
plot(t(range),xl(range),t(range),x2(range),t(range),xB(range))
title('Numerical Solution')

xlabel ("Amplitude')

viabel ('time')

figure

plot(t(range),xlb(range),t(range),be(range),t(range),x3b(range))
title('Steady State Analytical Solution')
Xxlabel ("Amplitude’')

ylabel('time')
end

function zdot = fun hw7 40(t, z)
zdot = zeros(6,1);

i 2 vl Dy 1 2 =12l 2

M = eye(3);

Co= 1a.1 O 0 0 O Ozae B3

F [0 0] *1*gin (1*pi*E) »

zdot (1:3) = z(4:6);

zdot (4:6) = -M\C*z(4:6)-M\K*z(1:3)+M\F:

ena
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