pivoted rod.nb

In[1]:= Apply[C ear, Nanes["d obal " *"]1;
O f [Ceneral ::spell];
O f [Ceneral ::spelll];

Print ["Ki nematics"];

onmegaf[t] ={0, 0, theta' [t]};

Print ["angul ar velocity of RB: onega=", onegaf[t]];

al pha[t]={0, 0, theta'"' [t]};

Print ["angul ar accel erati on of RB: al pha=", al pha[t]];
XG=(L/2-D)*Sin[theta[t]];

yG=-(L/2-D) *Cos[theta[t]];

rG={xG yG O0};

Print ["position vector of G rG", rQJ;

vG=D[rG t];

Print ["velocity of G vG=d(rG)/dt=", v@G];

aG=D[vG t1];

Print ["acceleration of G aG=d(vG)/dt=", Sinplify[aG]];
Print ["anot her way of cal culating vG and aG'];
vG=Cross[onegal[t], rGl;

Print ["vG=onega x rG=", vQ];

aG=Cross[al pha[t], rG] —onmega[t].onegal[t]*rG

Print ["aG=al pha x rG - onega.onega rG=", Sinplify[aG]];

Print ["Forces"];

FO= {FOx, FQy, 0};

Print ["reaction force at pin joint O FO=", FOi;

G= {0, -mg, 0};

Print ["gravitational force at G G=", G];

r@=-rG

IG=m*L"2/12;

Print ["mass nmonent of inertia wt G |1&G=", I1G];

10=1G+m*(L/2-D)"2;

Print ["mass nmonent of inertia wt O |Oz=l G+n*(L/2-D)*2=",
Sinplify[lO]1;

Print ["Method 1"7;

eql =Sinplify[lO*al pha[t] -Cross[rG G]1;

sol utionl =Sol ve[eql [[3]]1 &0, theta'' [t11[[1]1];

Print ["noment equation: 10 alpha = sumMwt O=rGx G'];

Print [eql [[3]], "=0"1;

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

Print ["Method I1"7;

eqllF=Sinplify[m*aG- (FO+G)];

Print ["force equation: maG = sumF = FO + G'];
Print ["projection on x:"1;

Print [eql I F[[1]], "=0", " (1)"1;
Print ["projection on y:"1;
Print [eql | F[[2]], "=0", " (2)"1;

eql I M=Sinplify[l G*al pha[t] -Cross[rGO, FOl1;

Print ["noment eqation: |G alpha = sumMwt G= -rGx FO'];
Print ["projection on z: "]

Print [eql IM[[3]], "=0", " (3)"1;

sol FOx = Sol ve[eql I F[[1]1] &0, FOx][[1]1];

Fx = FOx /. sol FOx;

Print ["fromEqg. (1) => FOx = ", Fx]J;

sol FOy =Sol ve[eql I F[[2]]1 &0, FOy1[I[1]11;
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Fy =FOy /. sol FOy;

Print ["fromEqg. (2) => FOy = ", FyI;

solutionll =Solve[(eql IM[[3]] /. sol FOx /. sol FOy) &0, theta'' [t]1]1[[1]1];
ddtheta=theta'' [t] /. Sinplify[solutionll];

Print ["fromEgs. (1) (2) (3) =>theta''[t] =", ddtheta];

Print ["Initial Conditions"];

Print ["at t=0: theta[0]=Pi /2, theta' [0]=omega[0]=0"1;

ic={theta[0] £Pi /2, theta' [0] £0};

ddt hetaO =ddtheta /. {t £0} /. ic;

Print ["numerical data: m=12/32.2, L=3, D=. 75, g=32. 2" 1;

data={mA£12,32.2, LE3, DE.75, g £32.2};

Print ["theta'' [0]=al pha[0]= ", ddthetaO, "=", ddthetaO /. data, " rad/s"2"];
V=Simlify[Fy /. {t EO0} /. ic];

VO=Sinplify[V/. theta'' [0] ->ddt heta0];

Print ["V=FOy[0] = ", V, "=", VO, "=", VO /. data, " |b"J;
H=Sinplify[Fx /. {t £0} /. ic];
Print ["H=FOx[0] =", H, " Ib"71;

(* Nunerical solution of differential equation *)
sol di f = NDSol ve [
{(eql [[3]] /. data) &0, theta[0] &N[Pi /2], theta' [0] &0}, theta[t], {t, O, 2}1;
Pl ot [Eval uate[thetaf[t] /. soldif]*180/Pi, {t, 0, 2},
AxesLabel £ {"t[s]", "theta[deg]"}];
Pl ot [Eval uat e[D[theta[t] /. soldif, t]], {t, O, 2},
AxesLabel £ {"t [s]", "onega[rad/s]"}];
Pl ot [Eval uate[D[theta[t] /. soldif, {t, 2}11, {t, O, 2},
AxeslLabel £ {"t [s]", "al pha[rad/s]"}];

DSol ve[theta'' [t]+CSin[theta[t]] &0, theta[t], t]
Ki nematics
angul ar velocity of RB: onmega={0, 0, theta’[t]}

angul ar accel eration of RB: al pha={0, 0, theta®[t]}

position vector of G rG:{(—DH@A) Sin[theta[t]], (D— @&A) Cos [theta[t]], O}

velocity of G vG=d<rG>/dt={(—D+A§\A) Cos[theta[t]] theta®[t], —(D— @A) Sinftheta(t]]theta‘(t], 0}

accel eration of G aG=d(vG)/dt={A§A (-2D+L) (-Sinftheta[t]]theta’[t]%2+Cos[theta[t]]theta®[t]),
—@A (2D-L) (Cos[theta[t]]theta’[t]?+Sin[theta[t]]theta®[t]), O}

anot her way of cal culating vG and aG

vG=onmega x rG={-DCos[theta[t]]theta’[t]+ @x LCos[theta[t]]theta'[t],

-DSi n[theta[t]}theta¢[t]+@‘ALSi nitheta(t]]theta’(t], 0}

aG=al pha x rG - omega. omega r&{@ (2D-L) (Sin[thetaft]]theta’[t]2 -Cos[theta[t]]theta®[t]),
—@A (2D-L) (Cos[theta[t]]theta’[t]?+Sin[theta[t]]theta®[t]), O}

For ces

reaction force at pin joint O FO={FO, FOy, 0}



pivoted rod.nb

gravitational force at G G={0, -gm, 0}

mass noment of inertia wt G | Gz=!

mass nmoment of inertia wt O |QOz=l Ci+m"(L/2—D)"2=A§A (307 -3DL+L%) m
Met hod |

nmonment equation: 10 alpha = sumMwt O=rGx G
ﬁé&l\m(Sg(—ZD+L) Sin[theta[t]]+2 (3D -3DL+L2)theta®[t])=

Solution: theta'' [t]

Met hod ||

force equation: maG=sumF = FO+ G

proj ection on x:
—FQ<+A§&A(2D—L>m(Sin[theta[t]]theta¢[t]2—005[theta[tutheta“[t]):o (1)
projection on y:

-FO/+gm-ﬁ§& (2D-L) m(Cos[theta[t]]theta’[t]?+Sin[theta[t]]theta®[t])=0 (2)
nonent eqation: 1G alpha = sumMwt G= -rGx FO

projection on z:

i (-6 (2D-L) (FOxCos[theta[t]]+FOy Sinftheta[t]])+L%mtheta®[t])=0 (3)

fromEq. (1) => FOx = @A (2D-L) m(Sin[thetaft]]theta'[t]%2-Cos[theta[t]]theta®[t])
from Eq. (2) => FOQy = gm-‘%& (2D-L) m(Cos[theta[t]]theta’[t]?+Sin[theta[t]]theta®[t])

fromEgs. (1) (2) (3) => theta''[t] =

Initial Conditions
at t=0: theta[0]=Pi /2, theta' [0]=onega[0]=0

nureri cal data: mF12/32. 2, L=3, D=. 75, g=32. 2
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Solve::ifun : Inverse functions are being used by Solve, so sone solutions may not be found

Qit[74]= {{theta[t] &£

2 Jacobi Anpl itude[—@\&\/z Ct2+t2C[1]+4Ct C[2]+2t C[1] C[2] +2CC[2]?+C[1] C[2]2,

# 1}, {theta[t] £ 2 Jacobi Anplitude|

diJ2ctz+t2 cla+4ct Cr2) +2t C[1) C[2] +2CCl2)2 +C[1] C[2]?




