(» packages that have sone differential

equations to solve and define sone utility functions =)
Needs ["Di fferenti al Equati ons” NDSol vePr obl ens™" ];
Needs["Di fferential Equati ons” NDSol veltilities™];
Needs ["Di fferential Equati ons™ I nterpol ati ngFuncti onAnat onmy™ 1;
Needs["GUI Kit ™ "1;

ClearAll ["d obal " *"1;
O f [General ::spell];
O f [General ::spell1];

Print ["Ki nematics"];

X(QI_B
TR TET
NORFLN
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o
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al pha= {0, 0, theta'' [t]};
Print [*angul ar accel eration of RB: al pha=", al pha];

xC= (L/2) *xCos[theta[t]];

yC= (L/2) *Sin[theta[t]];

rC= {xC, yC, 0};

Print ["position vector of C rC=", rCj;

xA=L=xCos[theta[t]];
yA=L=xSin[theta[t]];

rA= {xA, yA 0};

Print ["position vector of A: rA=", rAj;

Print ["Forces"];

G= {0, -mg, 0};
Print ["gravitational force at C G", C];

delta=LSin[theta[t]] -LSin[Pi /6];

Fe = {0, -k delta, 0};
Print ["elastic force at A1 Fe=", Fe]

IC=mxL"2/12;

Print ["mass nmonent of inertia wt C |1Cz=", IC];

10=1C+mx (L/2)"2;

Print ["mass nonment of inertia wt O |Qz=l Cz+mw(L/2)"2=",
Sinplify[lO]1;

Print ["Summ of the nonents in Oat t -> t1:"]

eql =Sinplify[lOxal pha-Cross[rC, GI1[[3]1];

sol utionl =Sol vel[eqgl =0, theta'' [t]1][[1]];

Print ["nonent equation: 10 alpha = sumMwt O=rCx G'];

Print ["Solution: theta' ' [t]=", theta''[t] /. Sinplify[solutionl]];

sol di f = NDSol ve[{eql =0, theta[0] == N[Pi]/3, theta' [0] == 0}, theta,
{t, tO, Infinity},
Met hod -» {Event Locator, "Event" -» (theta[t] -Pi /6)}];

t1l = Interpol ati ngFuncti onDonai n[Fi rst [theta /. soldif]][[1, -111;
thetal = (Evaluate[theta[t] /. soldif]/. t > t1)[[1]];
onegal = (Eval uate[D[theta[t] /. soldif, t]] /.t - t1)[[1]];

Print[" "]
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Print["ti=", t1, " [s]"]
Print["e; =", thetal, " [rad] = ", thetall1l80/Pi, " [deg]"]
Print["w; =", onegal, " [rad/s]"]

t het apl ot =
Pl ot [Eval uate[theta[t] /. soldif]*180/Pi, {t, t0, t1}, AxesLabel » {"t [s]", "theta[deg]"}]
onegapl ot = Pl ot [Eval uate[D[theta[t] /. soldif, t]],
{t, t0, t1}, AxesLabel » {"t [s]", "onega[rad/s]"}]
al phapl ot = Pl ot [Eval uate[D[theta[t] /. soldif, {t, 2}11,
{t, t0, t1}, AxesLabel » {"t [s]", "al pha[rad/s"2]"}]

Print ["Summ of the nmonments in Oat t=t1l:"]

eqll =Sinplify[lOxal pha-Cross[rC, G] -Cross[rA, Fell[[31];

solutionll =Solveleqll ==0, theta'' [t11[[1]];

Print ["moment equation at t1: 1O alpha = sumMwt O=rCx G+ rAx Fe"];
Print ["Solution: theta' ' [t]=", theta''[t] /. Sinplify[solutionll]];

soldifl=NDSolve[{eqll =0, theta[tl] == thetal, theta' [t1] == onmegal},
theta[t], {t, t1, .43}, MaxSteps - 10000,
Met hod -» {Event Locator, "Event" - {theta' [t], theta[t] -Pi /6},
"Event Action" =» {tm=t; thetam=theta[t];
omegam=theta' [t], t2=1; theta2 =theta[t]; onega2 =theta' [t]}

11
Print[" "]
Print [" maxi mum conpr essi on" ]
Print["t,, =", tm " [s]"]
Print["em =", thetam " [rad] =", thetamx180/Pi, " deg"]
Print ["wm = ", Chop[onegam], " [rad/s]"]
Print[" "]
Print ["end of restitution"]
Print["t, =", t2, " [s]"]
Print["e, =", theta2, " [rad] =", theta2%x180/Pi, " deg"]
Print["w, =", omega2, " [rad/s]"]

deltam= (Evaluate[delta /. soldifl] /. t - tm[[1]];
Fem= (Eval uate[-k Eval uate[delta /. soldifl1l]] /. t - tm[[1]];

Print["deltay = ", deltam "[m]"]
Print["Fen, =", Fem " [N]"]
thetaplotl=

Pl ot [Eval uate[theta[t] /. soldif1]%180/Pi, {t, t1, t2}, AxesLabel » {"t [s]", "theta [deg]"}]
onegapl ot 1 = Pl ot [Eval uate[D[theta[t] /. soldif1, t]1],

{t, t1, t2}, AxesLabel » {"t [s]", "onega [rad/s]"}]
al phapl ot 1 = Pl ot [Eval uate[D[theta[t] /. soldif1, {t, 2}11,

{t, t1, t2}, AxesLabel -» {"t [s]", "al pha [rad/s"2]"}]

Pl ot [Eval uate[delta /. soldif1], {t, t1, t2},
AxeslLabel - {"t [s]", "delta[m]"}, PlotRange -» {{0, .5}, {0, -.07}}]

Pl ot [Eval uat e[-k Eval uate[delta /. soldif1]], {t, t1, t2},
AxeslLabel - {"t [s]", "Fe[N]"}, PlotRange -» {{O, .5}, {0, 130}}]

sol di ff = NDSol ve[{eql ==0, theta[t2] == theta2, theta' [t2] == onega2}, theta,
{t, t2, Infinity},
Met hod -» {Event Locator, "Event" -» theta' [t]}];

t3 = Interpol ati ngFuncti onDomai n[Fi rst [theta /. soldiff]]1[[1, -111;
theta3 = (Eval uate[theta[t] /. soldiff] /. t > t3)[[1]];
onega3 = (Eval uate[D[theta[t] /. soldiff, t]] /.t > t3)[[1]];

Print[" "]
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Print["ts =", t3, " [s]"]

Print["e; =", theta3, " [rad] =", theta2+«180/Pi, " deg"]
Print["w3 =", omega3, " [rad/s]"]

thetaplotf =

Pl ot [Eval uate[theta[t] /. soldiff]1%180/Pi, {t, t2, t3}, AxesLabel » {"t [s]", "theta[deg]"}]
onegapl otf = Pl ot [Eval uate[D[theta[t] /. soldiff, t]1],
{t, t2, t3}, AxesLabel » {"t [s]", "onega[rad/s]"}]
al phapl otf = Pl ot [Eval uate[D[theta[t] /. soldiff, {t, 2}11,
{t, t2, t3}, AxesLabel » {"t [s]", "al pha[rad/s"2]"}]

Print ["all the graphics"]
al I t het a = Show[t het apl ot, thetapl otl, thetaplotf, Pl ot Range » Aut omati c]
al | omega = Show[onegapl ot, onegapl ot 1, onegapl ot f, Pl ot Range » {{0, 0.8}, Al }]

Ki nemati cs

angul ar accel eration of RB: alpha={0, 0, theta”[t]}

1 1
position vector of C rC:{ECos[theta[t]}, ESin[theta[t]], 0}

position vector of A. rA={Cos[theta[t]], Sin[theta[t]], O}

For ces

gravitational force at C G={0, -19.62, 0}

1
elastic force at A Fe:{O, -2000 [7£+Sin[theta[t]]), 0}

mass nonent of inertia wt C 1Cz=

mass nonment of inertia wt O |Oz=1Cz+mx (L/2)"2=

1
6

Wl N

Summ of the nonents in Oat t -> t1:

nmonment equation: 10 alpha = sumMwt O=rCx G

Solution: theta'' [t]=-14.715Cos[theta[t]]

t1= 0.354702 [s]

01 =

w1 =

0.523599 [rad] = 30. [deg]
-3.28209 [rad/s]

3
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Summ of the nonents in Oat t=t1l:
nmonment equation at t1: IO alpha = sumMwt O=rCx G+ rAx Fe

Solution: theta'' [t]=-1.5Cos[theta[t]] (-990.19 +2000. Sin[theta[t]])

maxi mum conpr essi on
tm = 0.388673 [s]
6m = 0.450007 [rad] = 25.7835 deg

wm = 0 [rad/s]

end of restitution
t, = 0.422644 [s]
6, = 0.523599 [rad] = 30. deg
wp = 3.28209 [rad/s]
deltay, = -0.0650279[m]
Fem = 130. 056 [N]
theta [deg]
30
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apha[rad/s2]
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ty = 0.777346 [s]

63 = 1.0472 [rad] = 30. deg

ws = -2.41474%x10°% [rad/s]
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