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Fundamental Analysis of the Torsional Vibration of a Bifilar Suspension Pendulum
with Parametric Excitation
Katsuhisa OOBA"? Toshio FUNADA™"? Dai IWAMOTO™
Keisuke SHIMIZU! and Yoshiyuki NAKAMICHI?"™3

Abstract: A uniform density bar is suspended at its two ends by two strings whose two end points are attached to an upper static
wall. The bar may swing or make torsional oscillation in a vertical plane from its equilibrium rest state, which is called bifilar
suspension pendulum. For three configurations of this pendulum, the nonlinear oscillation of torsional mode of the pendulum
is caused due to a vertical parametric excitation, which is analyzed numerically in this report. The results obtained are expected

to provide new education materials and to apply in Earthquake Engineering and Seismic Design.
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A:(xa,24) = (Lysin(61), z0 + L1 cos(61)), (2.1)
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zo = Fypsin(wt)
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Fig.1 Torsional vibration of bifilar pendulum.
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Fig.2b Time sequence ab(t) andy(t) versust in
0<t<t.
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Fig.2c Spectrum ofp(t) in 0 < t < ¢,.
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Fig.3aPhase portrait ofp(t), () in0 < ¢t < t..The
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Fig.3b Time sequence ab(t) andy(t) versust in
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Fig.3cSpectrum ofp(t) in 0 < t < ¢,.
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Fig.4aPhase portrait ofp(t), p(t)) in 0 < ¢t < t..
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Fig.4b Time sequence ab(t) ando(t) versust in
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Fig.4cSpectrum ofp(t) in 0 < ¢ < ¢,.
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Fig.5b Time sequence ab(¢t) andy(t) versust in
0<t<te.
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Fig.5c Spectrum ofp(t) in 0 < t < ¢,.
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Fig.6aPhase portrait ofp (), o(t)) in 0 < t < t..The
figure is rotated by 90

Fig.6b Time sequence ab(t) ando(t) versust in
0<t<t..
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Fig.6¢c Spectrum ofp(t) in 0 < ¢ < ¢,.
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Fig.7aPhase portrait ofp(t), o(t)) in 0 < t < t..The
figure is rotated by 90

Fig.7b Time sequence af(t) ando(t) versust in
0<t<t..
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Fig.7cSpectrum ofp(t) in 0 < ¢ < ¢,.
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Fig.8aPhase portrait ofp(t), o(t)) in 0 < t < t..The
figure is rotated by 90
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Fig.8b Time sequence ab(¢t) andy(t) versust in
0<t<t,.
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Fig.8cSpectrum ofp(t) in0 <t < ¢..
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Fig.9aPhase portrait ofp(t), o(t)) in 0 < t < t..
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Fig.9b Time sequence af(t) ando(t) versust in
0<t< .
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Fig.9cSpectrum ofp(t) in 0 < ¢ < ¢,.
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Fig.10aPhase portrait ofo(t), ¢(¢)) in0 < t < t,.The
figure is rotated by 90
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Fig.10bTime sequence ab(t) andp(t) versust in
0<t<t,.
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Fig.10cSpectrum ofp(t) in 0 < ¢ < ¢,.
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Fig.11aPhase portrait ofp(t), o(t)) in 0 < t < t..The
figure is rotated by 90

Fig.11bTime sequence ab(t) and(t) versust in
0<t<te.
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Fig.11cSpectrum ofp(t) in 0 < ¢ < ¢..
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Fig.12aPhase portrait ofp(t), ¢(t)) in 0 <t < t..The
figure is rotated by 90

Fig.12bTime sequence ab(t) andp(t) versust in
0<t< .
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Fig.12cSpectrum ofp(t) in 0 < ¢ < ¢,.
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