2000000 300 modeDODODODOOOO (1)

Doooooooofooootoooo®oooo®oooo®oooo

An Analysis of Mode Coupling in Three Modes of Bifilar Suspension Pendulum (1)

Toshio FUNADA? Toshiki KINOUCHI™? Kento SAKURAI! Katsuhisa OHBA! Yusuke AOKI[?
Tatsumi MIYAUCHI? and Kouiji MOCHIZUKI?

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. Linear oscillations are examined for the three modes based on experiments.

Keywords:Bifilar Suspension Pendulum, Coupling of Three Oscillation Modes, Internal Resonance
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Fig.1 Experimental apparatus for the bifilar suspension
pendulum with a bar ofh; = 0.6659 kg and length

2b; = 0.899 mina; > ¢;. Whena; = ¢, the bar swings
horizontally as a part of parallelogram.
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Table 1 Specification of the apparatusi¢.1), a bar of
length2b; andm = 0.6659 kg suspended by two ropes of length

L, at two points which are distant lay from the center.

ar[m] | 0.26 | bi[m] [ 0.4495
cr[m] | 0.0875, 0.1625, 0.2375, 0.3125,
0.3875, 0.4625, 0.5375

Ly [m] | 0.443,0.542,0.648

Table 2 PeriodT for variousc; andL; = 0.648 m.

Experimentall,; and theoretical; for mode;.
c1 Ter Tez Tez | Tou To2 Tos
0.0875| 1.637 1.617 2.5941.6247 1.58626 2.7293
0.1625| 1.618 1.631 1.992 1.61325 1.60645 2.0281
0.2375| 1.614 1.644 167161527 1.61519 1.686§
0.3125| 1.595 1.641 1.4351.61193 1.61302 1.4685
0.3875| 1.540 1.624 1.2881.58472 1.59981 1.308(
0.4625| 1.469 1.604 1.155151775 15747 1.1784
0.5375| 1.352 1.566 1.04p 1.40409 1.53588 1.0663
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Fig.2 PeriodT versusc; for mode 1 (solid line), 2
(dotted), 3 (dashed).; = 0.443 (below), L, = 0.542
(middle), andL; = 0.648 (above). Marks aréc,, T..) for
experimentall,.
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Fig.3 Bifilar suspension pendulum with > a; (mode 1).
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Fig.4 PeriodT} versusc; with Ly = 0.443, a; = 0.26,
by = 0.4495, b2 /(3a;1) = 0.259039. The curves are for
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