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Experiment and Linear Dynamic Analysis of Three Oscillation Modes of Bifilar Suspension
Pendulum

Kouji MOCHIZUKI ™ Shu SUZUKI? Toshio FUNADA? Dai IWAMOTO™ Tatsumi MIYAUCHI?
Katsuhisa OHBA& Makoto KAWAKAMI “2and Yoshiyuki NAKAMICHI™

Abstract: A bifilar suspension pendulum, a uniform density bar suspended at its two ends by two strings of same length,
may swing in a vertical plane or rotate about a vertical axis. The period and pattern of swinging depend upon the ratios of
the bar length and of the distance of the supporting points to the distance between two end points of the strings attached to
an upper wall. 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. In view of these modes of
bifilar suspension pendulum, we propose here an education device to measure two swinging modes and one torsional mode.
As its feasibility study, the oscillation experiments are made to compare the theoretical period. The results are evaluated
well and then further improvements are suggested.

Keywords:Bifilar Suspension Pendulum, Two Swinging Modes and One Torsional Mode
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Fig.1 Bifilar suspension pendulum with> a (mode 1).
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Fig.2 Experimental apparatus (1) for the bifilar suspension

pendulum with a bar of lengtkh = 1 m.

Table 1 Specification of the apparatusig.2), a bar of
length2b suspended by two ropes of lengthat two points

which are distant by from the center.
a[m [015 |b[m] [05 [L[m]]o03
c[m] | 0.025, 0.075, 0.15, 0.225, 0.30, 0.375
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Fig.3 Experimental apparatus (2) for the bifilar suspension

pendulum with a bar of lengt?h = 0.899 mina > c.

Table 2 Specification of the apparatusig.3), a bar of
length2b suspended by two ropes of lengthat two points
which are distant by, from the center.
a[m] 0.26 | b[m] [ 0.4495
¢ [m] 0.0875, 0.1625, 0.2375, 0.3125
0.3875, 0.4625, 0.5375
0.443, 0.542, 0.648
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= (zo + L1 sin(61), zo + L1 cos(61)),
0000 B:(xp, 2B)
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(2.1)
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Table 3 Frequency for mode 1.

2cm oo oo goood 000 o0.2m
0.05 0.73171 0.875 0.77778 0.63158
0.15 0.86022 0.88889 0.85366 0.77778
0.3 0.90909  0.90909 0.90909 0.90909
0.45 0.88889 0.94737 0.89888 0.81395
0.6 0.89888 1.11111 0.94118 0.71429
0.75 0.98901 1.49254 1.08696 0.74074
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Fig.4 Frequencyf Hz versus: m for mode 1.
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sin(a) = 5 H = Lcos(a) (4.1)
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Table 4 Frequency for mode 2.

2cm 00 oo ooooo 000 0.2m
0.05 0.93923 0.94595 0.94203 0.9396
0.15 0.91603 0.91743 0.90909 0.9127
0.3  0.91743 0.90909 0.89286 0.93458
0.45 0.92199 0.90909 0.90909 0.90909
0.6  0.96774 0.95652 0.95652 0.9589
0.75 1.09244 1.08108 1.08108 1.07143
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Fig.5 Frequencyf Hz versus: m for mode 2.
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O: (0,0), (O (IO;ZO) = (O?O)ﬂ C: (20?0)7
A (wa,24) = (Lysin(0y1), L1 cos(01)),
B: (xB,2B) = (2c + Lasin(02), Ly cos(f2))

(5.1)

Fig.6 Torsional vibration of bifilar suspension pendulum,

Mode 3 oscillation.
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Table 5Frequency for mode 3.

2cm oa oo ooooo 000 0.2m
0.05 0.21858 0.39007 0.2454 0.15625
0.15 0.35461 0.64356 0.40214 0.25424
0.3 0.4969 0.8962 0.55233 0.35040
0.45 0.60914 1.1111 0.6875 0.44118
0.6 0.74468  1.3548 0.84577 0.53476
0.75 0.95588 1.72222 1.07317 0.67961

0.1 0.2 0.3 0.4

Fig.7 Frequencyf Hz versus: m for mode 3.
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Table 6 Period forL = 0.648 m.

c Ter Te2 Tesz | Tor To2 Tos

0.0875| 1.637 1.617 2.5941.6247 1.58626 2.7293
0.1625| 1.618 1.631 1.99R 1.61325 1.60645 2.0283
0.2375| 1.614 1.644 1.6711.61527 1.61519 1.6868
0.3125| 1.595 1.641 1.4351.61193 1.61302 1.4681
0.3875| 1.540 1.624 1.2881.58472 1.59981 1.3080
0.4625| 1.469 1.604 1.1551.51775 15747 1.1784
0.5375| 1.352 1.566 1.0491.40409 1.53588 1.0663
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Fig.8aPeriodT versusc for mode 1.1 = 0.443
(magenta) = 0.542 (red), L = 0.648 (blue). Marks are
(¢, Tp) for the periodIy by the linear theory ang:, T )

for T, of experimental data.
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Fig.8b PeriodT versusc for mode 2. = 0.443
(magenta)L = 0.542 (red), L = 0.648 (blue). Marks are

assigned as iRig.8a
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Fig.8cPeriodT versusc for mode 3.L = 0.443
(magenta)L = 0.542 (red), L = 0.648 (blue). Marks are
assigned as iRig.8a
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Table 7 Period forl = 0.648 m.

c Te() Te() Te(i) | To(v) To(v) To(vi)

0.0873 2.594 3.399  2.135 | 2.72931 34523 2.12075
0.1623 1.992 2582  1.612 | 2.02826 2.56555 1.57601
0.2373 1.671 2154  1.350 | 1.68684 2.13368 1.31072
03123 1.435 1.870  1.159 | 1.46858 1.8576 1.14112
0.3873 1.288  1.668  1.039 | 1.30802 1.65451 1.01637
0.4623 1.155 1.499  0.935 | 1.17848 1.49067 0.91572
0.5373 1.049 1.348  0.845 | 1.06623 1.34868 0.82849

(o]

Fig.9 PeriodT versusc for mode 3. (i) no weight(blué)
(ii) weights at center (magenfaiii) weights at edges
(red). Marks arédc, T,) for the periodl} by the linear

theory andc, T,) for T, of experimental data.
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