Solving rolling disk inside another using symbolic

compu tation
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Introduction

e Needs [" Not ation™ "]
In[2]:= )
Synbol i ze[ m ]
Synbol i ze[ m ]
Synbol i ze[ I ]
Synbol i ze[ I3 ]
Solve for w to meet the no-dlip condition
In[6]:=
Cear[w, R ¢, 6, r, m, m, l1, |2, 9]
noSl i pEquation = (R-r)e' [t] == R¢' [t] +TI ;
w=w/. First@Sol ve[noSl i pEquati on, w]
out[8]= -re[t] +Re[t] -Roe'[t]
r

The following shows how to use Mathematica symbolic computation to determine the Lagrangian of the above
problem and solve numerically for the equations of the motion. The above shows a small disk which rotate inside a
larger disk. The small disk rotate without dlip. We need to find the equation of motion of the small disk. In other-
words, find the solution for ' [t]
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2| note.nb

Find T and V and find the Lagrangian L=T-V

In[52]:= 1 1
T=—m (Re' [t])2+— 110" [t]%+
2 2
1 1
S m ((Ré' [t]-(R-r)e' [t]Cos[e[t]])*+ ((R-r)e' [t]Sin[e[t]])?) +3 12 (0?)
e 1 1 lo (-re[t]+Re[t] -Re¢ [t])?
out[52] P MRt ]2 2 ( [t]+ [t] ¢ [t]) N
2 2 2r2
1
5 m ((-r +R)2Sin[e[t]]2e[t]?+ (- (-r +R) Cos[o[t]] & [t] +Re' [t ])?)
n[53]:=
| V=-mg (R-1) Cos[e[t]]
| —gm (-1 +R) Cos o[t 1]
L e (T-v) s/ Full Sinplify
out[54] 1 1
5 2gm (-r +R) Cos[O[t]] +—2((I2+mgr2) (r-R2e[t]2+
r
2(r -R)R(lg+mr?Cos[o[t]]) e [t] ¢ [t]+ (lar?+ (lo+ (m+m)r?) R) ¢ [t]?)
Solvefor ¢''[t], note genearlized forceis zero
s equati onOf Motionl = D[D[L, ¢' [t]], t]1-D[L, ¢[t]1]1=0//Sinplify
Out[55]= 1 .
—2(—mzr2 (r -R) RSin[e[t]]e[ti?+
r
(r-RR(lz+mr2Cosfo[t]]) e [t]+ (I1r?+ (Ig+ (M +m) r?) R) ¢"[t]) =
Solvefor 6''[t], note genearlized forceis zero
"9 1 equati onOf Mbti on2 = DIDIL, ©' [t]1], t]-DiL, e[t]] =0 // Sinmplify
Out[56]= i .
—(r-R) (-gmr2sinfe[t]]+ (lz+mr?) (r-Ryo"[t]+R(lz+mr®Cos[o[t]]) ¢"[t]) =0
;
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In[14]:=

Out[15]=

In[64]:=

Out[64]=

In[73]:=

Out[73]=

note.nb |3

Define problem parameters

{9-9.8, R->1, r ->.1, m ->10, mp -> 1};

_ m R? mr?
Unlon[paraneters, {I1—> - , o =>

paraneters

paraneters

}/. paramaters]

{9->9.8, I, »5, I, »>0.005000000000000001, m » 10, m ->1, r - 0.1, R-> 1}

Numerically solve the equations of motion using someinitial conditions

s = NDSol ve[{equati onOf Moti onl, equati onOf Motion2, ¢[0] == 30 Degr ee,
¢' [0] == -2, ©[0] ==0, ' [0] == -2} /. paraneters, {¢[t], ©[t]1}, {t, O, 30}]

{{¢[t] > Interpol ati ngFunction[{{0., 30.}}, <>][t],
o[(t] - Interpol ati ngFunction[{{0., 30.}}, <>][t]}}

Plot the solution, motion of small disk, we seethe small disk will make an oscillation motion inside the large
disk asthelargedisk isrotating

Pl ot [Eval uate[e[t] /. s], {t, O, 30}, PlotRange » Al l, Frame - True,
FraneLabel -» {{"e[t]", None}, {"tine (sec)", "soution e[t]"}},
FrameTi cks -» {Automatic, {-30Degree, -15Degree, 15 Degree, 30 Degree}}]

soution 6[t]
30° - 130°
15° H15°

g

—15° - H-15°
-30° - +1-30°
o s 1 15 2 x5  ®
time (sec)
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