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An Analysis of Mode Coupling in Three Modes of Bifilar Suspension Pendulum (3)

Toshio FUNADA™ Toshiki KINOUCHI? Kento SAKURAI! Katsuhisa OHBA' Yusuke AOKI*
Tatsumi MIYAUCHI? and Kouji MOCHIZUKI?3

Abstract: A bifilar suspension pendulum, a uniform density bar suspended at its two points by two strings of same length,
may swing in a vertical plane or make torsional oscillation about a vertical axis. The swinging in a co-plane of the strings
and the bar is called Mode 1, and the swinging in a vertical plane perpendicular to the bar is Mode 2. Mode 3 is the
torsional oscillation about a vertical axis. These modes are linearly independent of each other, but it is possible to make
nonlinear coupling oscillation between the modes and internal resonance. In order to treat such coupling systematically,
the formulation of the problems is made on two spherical coordinates systems and equations of motion for the three modes
are derived. Nonlinear coupling oscillations are examined for the three modes based on experiments.

Keywords:Bifilar Suspension Pendulum, Nonlinear Coupling of Three Oscillation Modes, Internal Resonance
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Fig.1Bifilar suspension pendulum with > a; (mode 1).
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Fig.2aPhase portrait of0..q (t), 0.4(t)).  Fig.2b Phase portrait offy(t), 0y (t)).
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Fig.2d Time sequence of,,(t) and Fig.2e Time sequence of,,(t) and Fig.2f Time sequence o#,.(¢) and

04(t) versust. 0,4 (t) versust. 6.(t) versust.

Fig.3aPhase portrait oft..,(t), 0.,(t)). Fig.3b Phase portrait off,,(t), 6,,(t)). Fig.3cPhase portrait ofd. (), 6. ()).
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Fig.3d Time sequence of,,(t) and Fig.3e Time sequence of,,(t) and Fi
0.4(t) versust. 0,4 (t) versus.

Fig.4aPhase portrait oft.., (t), 0.,(t)). Fig.4b Phase portrait off,,(t), 6,,(t)). Fig.4cPhase portrait off. (), 6. ()).
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Fig.5aPhase portrait off.(t), §.,(t)). Fig.5b Phase portrait off,, (t), f,,(t)). Fig.5cPhase portrait oft. (), 6. (t)).
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Fig.5d Time sequence of,,(t) and Fig.5e Time sequence of,,(t) and Fig.5f Time sequence ob,(t) and

0.,(t) versust. 0,,(t) versus. 0.(t) versust.

Fig.6aPhase portrait of6.4 (t), 04 (t)).
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Fig.6d Time sequence of.,(¢) and Fig.6e Time sequence of,,(t) and Fig.6f Time sequence ob.(t) and

f.,(t) versust. f,,(t) versust. 0.(t) versust.

Fig.7aPhase portrait of6.., (t), 0.4(t)). Fig.7b Phase portrait off,,(t),0,,(t)). Fig.7cPhase portrait ofd. (t), . (t)).
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Fig.7d Time sequence of,,(t) and Fig.7e Time sequence of,,(t) and Fig.7f Time sequence ob,(¢t) and

0.,(t) versust. 0,,(t) versus. 0.(t) versust.
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