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Numerical Simulation of Swinging Atwood’s Machine Due to Vertically Rotational Parametric
Excitation

Katsuhisa OOBA 2 Toshio FUNADA™"? Dai IWAMOTO™ Yoshiyuki NAKAMICHI "2*3
Kiyotaka SUGIYAMA™ Masayoshi FUJITX and Yuta URUSHIBATA?

Abstract: Atwood’s machine is a representative device in mechanics, but it performs very complex phenomena when one body
at its end swings in a vertical plane, which is referred to as swinging Atwood’s machine. This has been extensively studied by
Tufillaro and coworkers (N. B. Tufillaro, T. A. Abbott, and D. J. Griffiths, Swinging Atwood’s Machine, American Journal of
Physics 52 (10) (1984), pp.895-903) to reveal periodic and chaotic motions. We revisited this mechanical device to make PBL
(Problem Based Learning) resources and practice problems for numerical computations. Parametric excitation of Atwood’s
pendulum may provide a new problem for practice, and rotational excitation in a vertical plane is numerically solved in the
present paper, for which we find out periodic and chaotic solutions.

Keywords: Swinging Atwood’s Machine, Models of Elevators, Parametric Excitation with Vertically Rotational Motion, Peri-

odic and Chaotic Motion
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Fig.1 Schematic of elevator model driven with ropes and

sheaves.
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Ty = Tg, M =20+ T0—T—C,
xp = o + ¢+ rsin(h), (2.1)
zp = zo + 7 cos(6)
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Fig.2 Swinging Atwood’s Machine. The bob at the right

hand side is located &t p, zp), Wwhere
xp =z + c+rsin(f) andzp = zp + r cos(f).
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g (p — cos(8)) — 702 + (1 + p)i* + &g sin(6)
— %o (u — cos(0)) = —c17, (2.3)

T (g sin(0) 4 270 + &g cos(0) — Zosin(f) + 7“0) = —c10
(2.4)
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Fig.3c Time sequence of(t) versust in (T1).

Fig.3d Time sequence of(t) versust in (T1).
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Fig.3eTime sequence df(¢) andd(t) versust in (T1).
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Fig.5c Time sequence of(t) versust in (T3).
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Fig.4b Phase portrait off, §) in (T2).
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Fig.5e Time sequence df(t) andd(t) versust in (T3).

Fig.4d Time sequence of(t) versust in (T2).
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Fig.6d Time sequence of(t) versust in (T1).
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Fig.6e Time sequence df(t) andd(t) versust in (T1).
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Fig.7b Phase portrait off, 0) in (T2).
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Fig.7c Time sequence of(t) versust in (T2).

Fig.7d Time sequence of(t) versust in (T2).

Fig.7eTime sequence df(¢) andd(t) versust in (T2).

00000000 (T3)0000000000 Fig.8a8e
ooo.

Fig.8b Phase portrait off, §) in (T3).
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Fig.8c Time sequence of(t) versust in (T3).
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Fig.8d Time sequence of(t) versust in (T3).

Fig.8eTime sequence df(t) andd(t) versust in (T3).
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Fig.10cTime sequence of(t) versust in (T2).
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Fig.10d Time sequence of(t) versust in (T2).
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Fig.10eTime sequence df(t) andd(t) versust in (T2).
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Fig.9d Time sequence of(t) versust in (T1).
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Fig.9eTime sequence df(t) andd(t) versust in (T1).
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Fig.11cTime sequence of(t) versust in (T3).
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Fig.11d Time sequence of(t) versust in (T3).

Fig.11eTime sequence df(t) andd(t) versust in (T3).
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