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(» Ahalya Prabhakar «)
(* ME449 HW4 Problem 2 9.2 &)
X[s_] t= {{Cos[2+Pi«s]}, (Sin[2xPix8]}, {2%8}};

s[t] = 3+xt"3+t°2~-2xt+6;

Print{"Xdot:"]
(Xdot = FullSimplify[D[X[s[t]], t]]) // MatrixForm

Print["Xddot:"]
(Xddot = FullSimplify[D[Xdot, t]]) // MatrixForm

Xdot:

~27(-2+t(2+9¢t)) Sinf2nt (-2+t+3¢?)]

27 (-2+t (2+9t)) Cos[2mt (-2+t+3¢2)]
~4+2t(2+91t)

Xddot:
~47? (-2+t (2+49¢t))%Cos[2nt (-2+t+3¢2)] -4 (1+9¢) Sin[2mt (-2+t+3¢2)]

47 ((1+9t)Cos[2mt (-2+t+3¢t2)]-n(-2+t (2+9¢))?Sin[2nt (-2+t+3¢2)])
4+36t

Printed by Wolfram Mathematica Student Edition
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(vrAhalya Prabhakar «)
(* ME449 HWS Problem 6 (9.25) )

q = {{61[t]}}, {02[t]}};
dq = Dlq, t];
ddq = D[dq, t];

pl = (L1=«Cos[@l[t]], L1+Sin[e1[t]]};
p2 =

{L1«Cos[61[t]] +L2+Cos[61[t] +82[t]], L1 +Sin[01[t]] +L2+Sin[01[t] +62[t]]};
dpl = D[pl, t];
dp2 = D[p2, t];

KE = 1/2+ml+dpl.dpl+1/2+m2x+dp2.dp2;
PE = 0;

Print["The Lagrangian L is:"];

L = FullSimplify[KE - PE]

(Eq = FullSimplify[ (Thread[D[D[L, dq'], t] -D[L, q"] = t])]) // MatrixForm;

tl Solve[Eq[[1]], t][[1, 1, 2]] // FullSimplify;
t2 Solve[Eq[[2]], =]l[[1, 1, 2]] // FullSimplify;
Print["tl:"]
(FullSimplify[tl /. {61[t] » 61, 62{t] » 62, 01'[t] » 61",
82'[t] »02',061"''[t]) »61'',082''[t] 262"''}]) // MatrixForm
Print["ct2:"]
(FullSimplify[t2 /. {61[t] » 61, 62[t] » 62, 61'[t] » 61",
02'[t] »02',01"''[t] »01'',082''[t] »62''}]) // MatrixForm

e1[t] = Pi/2«s[t];
82[t] = Pi/2#s[t];

el1'[t]
62'[t]

Pi/2xs8'[t];
Pi/2+8'[t];

61''[t] = Pi/2x8"''[t];
82''[t] = Pi/2+s8"''[t];

Print["tl[s]:"]
FullSimplify[cl]

Print["t2[s]:"]
FullSimplify[t2]

The Lagrangian L is:
1 2
— ((L2?m2 +L1? (ml +m2) + 2 L1 L2 m2 Cos[62[t]]) 61 [t]?+
2
2L2m2 (L2 +L1Cos([62([t]]) 61'[t] 62’ [t] + L2% m2 e2'[t]?)

tl:

Printed by Wolfram Mathematica Student Edition
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-2L1L2m28Sin[62] 61’62’ -L1L2m2 Sin[62] (62')2+
(L2? m2 + L1? (ml+m2) +2 L1L2m2 Cos[62]) 61” + L2 m2 (L2 + L1 Cos[62]) 62"

.

L2m2 (L1Sin[62] (61)?+ (L2 +L1Cos[62]) 61" +L262") “

tl[s]:

1 1 ,
“n (—3L1L2m2nsin[—ns[t]] s’ [t]%+
4 2

1
2 (2 L22m2 + L12 (ml +m2) + 3 L1 L2 m2 Cos[—ﬂs[t]]) s"[t]] (/]L
2 /
t2([8]:
1

1 1
“2m2n (Llnsin[—ns[t]] s’ [t]2+2 (2L2+L1Cos[—ns[t]]] s”[t])
4 2 2

Printed by Wolfram Mathematica Student Edition



$ Ahalya Prabhakar
% ME449 HW4 Problem 6 (9.25)

clear all
close all
clc

% Set the grid points
S = linspace(0,1,6);

3 Set the torque limits on the joints
maxtl = 2;
maxt2 = 1;
mintl = -2;
mint2 -1;

% Define the constants

L1 = 1;
L2 = .5;
ml = 1;
m2 = .5;

3 Iterate through s = 0:.2:1 and sdot = 0:.2:1 and calculate and plot the
% motion cones for each (s, sdot point)
for i = 1:6

for j = 1:6
% Set s and sdot
s = S(i);

sdot = S(j);

¥Calculate M1l(s) and Cl(s)

M1 = (1/4)*pi*2%(2*L27°2*m2 + L172%*(ml + m2) +...
3*L1*L2*m2*cos (1/2*pi*s)) ;

Cl = 1/4%pi*(-3*L1*L2*m2*pi*sin(1/2*pi*s));

3calculate the upper and lower bounds U and L based on the sign of
% Ml(s) based on eqgns 9.35
if M1 > 0

LL1 = (mintl-Cl*sdot"2)/M1;

Ul = (maxtl-Cl*sdot”2)/Ml;

elseif M1 < 0
LL1 = (maxtl-Cl*sdot"2)/M1;
Ul = (mintl-Cl*sdot"2)/Ml;
end

3Calculate M2(s) and C2(s)
M2 = (1/4)*L2*m2*pi*2*(2*L2 + Ll*cos(l/2*pi*s));
c2 1/4*L2*m2*pi* (Ll*pi*sin(1/2*pi* s));

2Ccalculate the upper and lower bounds U and L based on the sign of
% M2(s) based on egns 9.35




if M2 > 0
LL2 = (mint2-C2*sdot”2)/M2;
U2 = (maxt2-C2*sdot”2)/M2;
elseif M2 < 0
LL2 = (maxt2-C2*sdot”2)/M2;
U2 = (mint2-C2*sdot”2)/M2;
end

% Set the output L and U
L = max([LL1 LL2]);

U = min([Ul U2]);
ILmat(i,j) = L;

Umat(i,j) = U;

figure(1l)

% Create the L and U vectors in order to normalize the plotted
% vectors

Lvec = [sdot,L];

Uvec = [sdot,U];

% Plot the resulting motion cones with a scaling of 1/10 and
% normalized vectors

pl = [s, sdot];

scale = 10;

Lpt = pl + Lvec/norm(Lvec)/scale;

Upt = pl + Uvec/norm(Uvec)/scale;
plot([pl(1);Lpt(1)],[p1(2);Lpt(2)], 'b")

hold on

plot([pl(1);Upt(1)],[p1(2);Upt(2)], ')

hold on

end
end
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