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An Analysis of Mode Coupling in Three Modes of Bifilar Suspension Physical-Pendulum: Effects
of Elastic Strings

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

Abstract: A bifilar suspension pendulum with a uniform density bar may swing in two vertical planes as mode 1 and 2 or
make torsional oscillation (mode 3) about a vertical axis. The period and pattern of oscillation depend upon the ratios of
the string length and of the distance of the supporting points to the distance between two end points of the strings attached
to an upper wall. When a cuboid (wooden chip) is used in place of the bar, another effect due to elastic strings is found in
experiments, so a new model spring-pendulum is proposed here to clarify mechanical effects in numerical simulation.

Keywords:Bifilar Suspension Pendulum, Elasticity of Strings, Nonlinear Coupling of Oscillation Modes
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Fig.2 PeriodT versusc for mode 1 (solid line), 2 (dashed),
3 (dotted).L = 0.443 (below), L = 0.542 (middle), and
L = 0.648 (above). Marks aréc, T..) for experimentall.
Cross points show coupling/resonance between the modes.
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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 > c. Whena = ¢, the bar swings

horizontally as a part of parallelogram.
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 lyfrom the center. . : L
a[m] | 0.26 [bm] | 0.4495 v s iy
c[m] 0.0875, 0.1625, 0.2375, 0.3125,
0.3875, 0.4625, 0.5375

L[m] 0.443,0.542, 0.648

Fig.3 Experimental apparatus for the bifilar suspension
pendulum with a cuboid of sizg,, b, andd,. The

attachment of the cuboid to the strings may change its

"I 0000000 : Department of Digital Engineering. . . . . .
P g g g moment of inertia, and then the elasticity of strings gives

*2 0000 0: Department of Mechanical Engineering.
3 000000 0: Department of Electrical & Electronics Engineering. rise to various oscillations, as a new spring-pendulum.
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Fig.4 Experimental period versus(half distance of the

attached points at the upper wall). Mode 1 is red curve,

node 2 is green one and mode 3 is blue one/fef 1,

a = 0.044, b, = 0.088, L, = 0.029 andd, = 0.03.
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