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Numerical Analysis of the Chaotic Motion of a Bifilar Suspension Pendulum
and a Body Due to an External Excitation

Makoto KAWAKAMI "2 Toshio FUNADA™2 Dai IWAMOTO™ Keisuke SHIMIZU*
Yusuke FUNATSU! Yoshiyuki NAKAMICHI"1*? Katsuhisa OOBA™
Kouji MOCHIZUKI ?** and Tatsumi MIYAUCHI?"

Abstract: The position and attitude of a bifilar suspension pendulum on which a body is attached can be described in terms of
angular variables in polar coordinates. To simplify some complicated relations on the configuration of the pendulum, Taylor
expansion may be applied around its equilibrium rest state to lead to the equation of motion with nonlinear terms. After
involving a linear damper and an external periodic force, the equation can be solved numerically as an initial value problem.
For some ranges of the system parameters, regular periodic and chaotic motions can be found. Some typical examples of the

chaotic motion are shown here to be caused by period doubling.
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Fig.1 Bifilar suspension pendulum with> a.
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Fig.2 A body with the height of its center of maasg, on the
bifilar suspension pendulum.
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Fig.3aPhase portrait of¢y (), 611 (t)) in
27 x 20 <t <27 x 71. B = 1.2, F; = 6 andc; = 0.25.
The figure is rotated by 90
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Fig.3b Spectrum of; () in 27 x 20 < t < 27 x 71.
(8 =1.2,F; =6andc; = 0.25.
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Fig.4aPhase portrait off;;, 6;,) in
2n x 20 <t < 2w x 71. B =1.2, F; = 6.2 andc; = 0.25.
The figure is rotated by 90
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Fig.4b Spectrum of);; (¢) in 27 x 20 <t < 27 x 71.
B =12, F =62andc; = 0.25.

Fig.5aPhase portrait off; 1, 611) in
2r x 20 <t <27 x 71. B = 1.2, F; = 6.3 andc; = 0.25.
The figure is rotated by 90
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Fig.5b Spectrum of); (¢) in 27 x 20 <t < 27 x 71.
6 =1.2,F; =6.3andc; = 0.25.
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Fig.6a Strobo plot off;; (¢,,) versusF; for 5 = 1.2 and
cp =0.21.
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Fig.6b Strobo plot offy (¢,,) versusF; for 8 = 1.2 and
C1 = 0.23.
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Fig.6¢ Strobo plot off; 4 (¢,,) versusF, for 3 = 1.2 and
Cc1 = 0.25.
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Fig.6d Strobo plot ofd; (t,,) versusF; for 3 = 1.2 and
c1 = 0.27.
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Fig.7aStrobo plot of9y,(t,,) versusF; for 3 = 1.1 and
cp = 0.23.
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Fig.7b Strobo plot oy (¢,,) versusF; for 3 = 1.1 and
C1 = 0.25.
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Fig.7c Strobo plot off;; (¢,,) versusF; for 3 = 1.1 and
Cc1 = 0.27.
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Fig.8aPhase portrait off; 1, 6,1 ) in
2r x 20 <t <27 x 71. 8 = 0.6, F; = 4 andc; = 0.04.
The figure is rotated by 90
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Fig.8b Spectrum of);; () in 2m x 20 < t < 27 x 71.
B =0.6, F; =4andc; = 0.04.

Fig.9aPhase portrait off;,, 6;,) in
2 x 20 <t < 27w x 71. 8 = 0.6, F; = 4.5 andc¢; = 0.04.
The figure is rotated by 90
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Fig.9b Spectrum of)1; (¢) in 27 x 20 <t < 27 x 71.
B =0.6, F; = 4.5 andc; = 0.04.
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Fig.10aStrobo plot off;; (¢,,) versusF; for 5 = 0.6 and
c1 = 0.040.
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Fig.10b Strobo plot of¢1; (¢,,) versusF; for g = 0.6 and
c1 = 0.036.
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Fig.10cStrobo plot oft; (¢,,) versusF; for 8 = 0.6 and
c; = 0.032.
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Fig.10d Strobo plot off; (¢,,) versusF; for 3 = 0.6 and
c1 = 0.028.
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