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Part A:

Code:

function Handouté?()

Q

THandout 37

lllllllll

6 P
P.Mm=1; p.K = 2; p.c = 0.14; p.F0O = 4;
t = linspace (0, 20, 1001) ;

sPopulate M, K, C, F matrices
M= [p.m0O0; 0p.m0;: 0 0 p.m] ;

C = [2*P.c -p.c 0; -p.c 2+%p.c “PsC7 0 -p,c 2%.¢);
K= [2*p.k -p.k 0; -P.k 2*p.k -p.k; 0 B 2'p. k) »

tInitial conditions start from rest
X0 = [000]';V0= [000]';

tSet up matrix A

1 = length (x0) ;

A = zeros(2*]l, 2*1)
A(l:1, l+l:end) = eye(l) ;

A(l+l:end, 1:1) = -M*-1*K.
A(l+l:end, l+l:end) = -M*-1*C;
P.A = A;

sSetup and run ODE4S5
options = odeset ('reltol!
z0 = [x0; vO0];

[tarray zarray] = ode45S (@rhs, tspan, z0, options, p);
sUnpack the positions from zarray

Xarray = zarray/(:, l:length(z0) /2) :

, 10%-6, 'abstol', 10*-6);

plot (tarray, xXarray) ;

end

¢RHS equations simplified to use state space system
function zdot = rhs(t, z, p)

tSet up matrix F
l = length(z)/2;
I' = zeros(2*1, 1) ;

F(l+l:end) = [p.FO*sin(sqrt(2*p.k/p.m)*t); 0: 0];

sCalculate zdot using state space gystem
zdot = F+p.A*z;
end

Part B:

Plotting for t < 20 seconds gives:
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Plotting for longer period of time results in the following steady-state response:
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Part C:

Code:

function Handout37b ()

%

zHandout 37

TSet up parameters

m=1; K= 2; ¢ = 0.14; FO = [4 O 0]'; w = sqrt(2*k/m); beta = c/k;
tspan = linspace (0, 20, 1001) ;

sPopulate M, K, C, F matrices

M= [mOO; OmO; 00 m];

C = [2%C ~0/0]. =-C 2% s 0 -0 2*%¢] ;
K= [2*k -k 0; -~k 2*k -k:; 0 -k 2*k] ;

tFind eigs for change of coordinates
[P L] = eig(K, M);

sGet coefficients for solving decoupled equations
wn = sqgrt (diag(L)) ;

zeta = beta*wn/2;

wd = wn.*(l?zeta.*2);

fbar = P"-1*M"- (1/2) *F0;

sS5olve for constant coefficients in particular and homogeneous solution
A = -(z*zeta.*w.*wn).*fbar./((wn.“Z—w.*Z).*2+(2*zeta.*w.*wn).*2);
B = (wn.*z-w.*Z).*fbar./((wn.*z-w.*z).‘2+(2*zeta.*w.*wn).“2);

C = -A:

D = (zeta.*wn.*C-w*B) . /wd:

sAllocate space for rp and rh
rp = zeros(length(wn), length(tspan));
rh = zeros(length(wn), length (tspan)) ;

sLoop through each modal coordinate and calculate r(t)
gor 1 1l:length (wn)

o S B ™ A(i)*cos(w*tspan)+B(i)*sin(w*tspan)
(1, :) = exp(-

)*wn(i)*tspan).*(C(i)*cos(wd(i)*tspan)+D(i)*sin(wd(i)

;
*tspan) ) ;
sCombine solutions and convert baclk

¥ = rp + rh;
X = M"-(1/2) *pP*r;

LO X coordinates

sPlot Results
plot (tspan, x);

Part D:

Plotting the results for transient response gives:
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Analytic Solution of Modal Forcing Steady State Response

| ! j | | | RN

o p

| | - [
102 104 106

Note that this also agrees with the numerical solution, and the motion of the middle mass (m2) is small
compared to the other two masses.

Main Question:

First, when | plot the steady state response for much lower damping, the motion of the middle mass
dies away, approaching 0 as damping approaches 0. Here is a plot of the steady-state motion (only
plotting particular solution and ignoring homogenous solution) for ¢=0.01:



Steady-State Response for ¢=0.01
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The motion of the right mass is excited at the beginning of the vibrations (from the transient motion of
m2). For very low damping, this motion then continues to oscillate at its natural frequency without any
disturbance from m2. The slight decay in motion due to the small damping is restored by the slight
motion of the middle mass, which also is due to the small damping.
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function Handoutld

$MAE 5730 HW due nov 15
Y

$inits = [ velx vely ~velx =vely p.m*sqgrt((2*velx) "2+ (2*vely)"2) |;
inlesis 100 1 0 0 =0 8 1}2

options = odeset(’Reltol’, le-35);

(£, array] = ode4d5(éDumbell, 10 1.5]),inits,options,; p);

plot (arravi:,1l) . array(:,;2) ,8x8v(:,3) ,array(:,4),; 1 ==")

legend(’'Mass 1’, 'Mass 2')

xlabel ('x position’)

vliabel ('y position’)

title(’Pogition Plot for. 0 . ta l.58')

% ~--ERRORS~=~~%
$Find distance between masses:
rdist = sqrt((array(:,1l)-array(:,3)).”2+(array(:,2)-array(:,4)).72);

$Find linear momentum:

vell = arravi{:,5:6):;

vel2 = arrav(:,7:8);

lmom = p.m*(vell+vell) ;
lmomtot = lmom(:,1)+ilmom(:,2);

SAngular Momentum

r= (array(:,3:4)-arxay(:s,1:231*%131 0 0; 0 1 0]
v s iarrayl:, 7:8)-arrav(:,518))*11 0 0; O 1 ©
croesprod = p.m*cross(r,v,2);

angmom = crossprod(:,3);

]

$Total Kinetilic Energqgy
enerqy = 1/2p.m*(vell(:,1) . 2Z2+veld(:,2).%2+vel2(:,1) .22+vel2(:,2) ."2)

figure

gatiger, ' color', "w')
subplot(4,1,1)
plotl{t,rdist=rdist(1))

xlabel ('Time, s')

yvlabel ('Length erxor’)
subplot(4,1,2)

plot(t, lmomtot-1momtot (1))
xlabel ('Time, s’)

vlabel ('linear momentum error’)
subplot(4,1,3)

plot (t,angmom-angmom(1l) )
xlabel('Time, g’)

yviabel (angular momentum error’)
subplot(4,1,4)

plot (t, energy-energy(1l))

xlabel ('Time, s'’)

vliabel ('energy error’)

end

function wdot = Dumbell (t,w,p)

x1 = wil):
Yyl = w(2);
X = w(3);
v2 = w(4)



ax2 =-w(7);
dy2 = w(8);
lpgr=idp.m 0 00 (%2 = x1)/p.il

0 p.m 0 0 (y2-v1)/p.1l

0 0 p.m 0 -(x2-x1)/p.1

0 0 0 p.m =-(y2-v1l)/p.1l

(x2-x1) (y2 - yl) =(x2=-x1) =(y2 - yl) 0];
rhe = [0 0 0 0 (dx2-dxl)”*2+(avZ=dvl)*2]';
aotp. . =iihs\rhs;
wdot = {dxl dvl dx2 dvZ dotsilta}’']’;

end
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Problem 5

Cartesian Solutonby ~  (computation time: 0.436693 s)
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A

$ MAE 5730
$ HW10 -- 11/9/13
$Problem 5 - Handout 12

¥ Code adapted from Dr. Ruina's lecture code

i EEEEE R R R R AR R R R AR R R E R AR AR R R R L

function main ()

tProblem set up

clear %Get rid of old stuff, just to be safe

¥ parameters are in struct p
p.m = 1l; % Mass 1
p.g = =-10;

% time step and interval

=1000; % number of steps in integration
tmax = 100; $ duration of integration

tspan= linspace(0,tmax,n+l); % one extra to keep the interval nice

p.R = 5;
thetal = deg2rad(4)5);
thetaDot0O = 0;

$ initial conditions
r0 = [ p.R*¥sin(thetal) -p.R*cos (thetal) ]';
vDo = [ O & AR Ra 8

z0 = [r0;v0];
$Command asking to solve the ODEs using 2 or 3 different methods

$Numberical solution - cartesian
i

[tA zA] CartesianNUM(tspan, z0,p);
cartTime = toc

$Numerical solution - polar

z0 = [thetal;thetaDot0];

tie

[tB zB] = PolarNUM(tspan, z0,p):
polarTime = tocC

thetaB = zB(:,1);

xB = p.R*sin(thetaB);
yB = -p.R*cos (thetaB);
zB = [xXB yB];



XA
VA

BRLY: L) ;
ZA(:rz)F

xDitt
vDiff
a0 o o

XA = XB;
vA - yB;
[%DLEL vDALL ]

Il

figure(l)
subplot(3,1,1)

str = sprintf('Cartesian Solution by Bryan Peele (computation time: %f s)',cartTime);
makePlot (zA, tA,str);

subplot(3,1,2)

str = sprintf('Polar Solution by Bryan Peele (computation time: %f s)',polarTime):;
makePlot (zB, tB,str);

subplot (3,1, 3)

str = sprintf('Cartesian - Polar Solution by Bryan Peele');
PLOCHER, EDICL (1) R, ZD1LE(:,2));

legend ('xCart-xPolar', 'yCart-yPolar'):;

title(str):;

ylabel ('Position');

xlabel ('"Time')

hold off;

$Animate the chosen method (or multiple methods

for i = l:length(tA)
figure(2)
lineX = [0,2zA(i,1)];
lineY = [0,2zA(1,2)];
plot (0,0, '*',zA(i,1),2zA(i,2),'bo',lineX, lineY, '=");

axis square;
axis([-10,10,-10,1]) 7

title ('Spring Animation');
pause (0.01) ;
end

x =zA(:,1):
Y =zA(:,2);
vx=zA(:,3);
vy=zA(:,4);

$Analytic Solution

L = sqrt((x)."2+(y)."2);
figure (3)

plot (tA,L);
title('Length v. Time');
xlabel ('Time');



vlabel ('Length’');
shg

end

s EEEEEE LI FTHFEHEHEHTTTTHHS
s EH I TTTTES
$Plot each set of results
function makePlot (zarray,tarray,plotTitle);
plot(tarray,zarray(:,l),tarray,zarray(:,Z));
legend('x position','y position');
title (plotTitle) ;
ylabel ('Position');
xlabel ('Time')
hold off;

end
L et EEEFE 5555555555555
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function [tarray zarray] = CartesianNUM(tspan, z0,p)

$Numerical solver

$Use oded>s
options = odeset ('RelTol',le-6, 'AbsTol',le-b) ;
(tspan, zarray] = ode45 (@cartesianODEs, tspan, z0,options,p);

tarray = tspan;

end

EEEE T EE TS H TS
s EEEEEEEEFEEEEE5555%5%
function zdot = cartesianODEs (t,z,p)

X = zfl1)3}

y = z2(2);
v = Z(3);
vy = z2(4);

xdot = z2(3:4);

M=[p.m 0 ;
o [ - 1% e
= sqrt((x)“2+(y)“2);
[(x/L y/L]";
M J;J' 0];
[ 0 p.m*pP.Q (-vx"2-vy~2)/L]";
A\B;

I

QO w»P g -
I



vedot = C(1:2);
zdot = [xdot;vdot]; %Output new state
end

EEEEEEHTEELEHEHETEEHTHHHTTEED
55555555 T THHHHHHHGS

function [tarray zarray] = PolarNUM(tspan, z0,p)
$Numerical solver

$Use oded>s
ocptions = odeset ('RelTol’',le-6, 'AbsTol',le-6);
[tspan, zarray] = oded5 (@RpolarODEs, tspan, z0,options,p):

tarray = tspan;

end

3 E i AR R R R R A A A A A A A R A A A A A h h kA
2333 R AR A R R R R R R R R R R R R R AR LR L L
function zdot = polarODEs(t,z,p)

theta = z(1):;
thetaDot = z(2);

thetaDotDot = p.g*sin(theta)/ (p.R);
zdot = [thetaDot;thetaDotDot]; %Output new state

end
%%
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