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Fundamental Dynamic Analysis of Coupling Motion of Asymmetric Bifilar Suspension Pendulum
with Small Pendulums

Tatsumi MIYAUCHI?"2 Toshio FUNADA?™® Dai IWAMOTO™ Yoshiyuki NAKAMICHI "2*
Kouji MOCHIZUKI 2" and Makoto KAWAKAMI[2™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. When the distance of two points may be longer or shorter than the bar length, the bar attitude may

change during swinging of the bar. When it is just the same, the bar swings with keeping the attitude horizontal. Taking into

account this particular property of the pendulum, some device for seismic mitigation has been proposed. In this connection, we
make analysis from linear to nonlinear stage of various modes of oscillations, and some exact mechanical equations are derived
for free swinging mode. Fundamental results are discussed here and some of them will be solved in the following papers. The
results obtained are expected to provide new education materials and to apply in Earthquake Engineering and Seismic Design.

Keywords:Bifilar Suspension Pendulum, Multi-Suspended Pendulums
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Fig.1 Bifilar suspension pendulum of> a with a small

pendulum. (a) Symmetric configuration and (b) Asymmetric

configuration.
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xq = w0+ Lysin(1), za4 = 2o + Ly cos(6y),

xp = o + 2¢+ Lasin(fs), zp = 20 + Lo cos(6s),
xg=(xa+28)/2, 26 = (24 +2B)/2,

2a = \/(.’EB —z4)° + (2B — 24)°,

tan(yp) = — 2“4
rp—TA
(2.1)
000 P, (Fig) 000000 O0OO0OO0O:
Tpl = TG — Qp1 COS((p) + Lpl sin(Gpl), (2 2)
Zp1 = 2G + ap1 sin(p) + Lp1 cos(p1)
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Ly cos(01) — 2asin(p) = Lo cos(2m — 62)
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%1) Sin(91 - 92)
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Fig.2aContour plot off, (61, 62) in the plang(6,,02) (—7/2 < 01 < 7/2,37/2 < 0, < 57/2) forc = 1.
Fig.2b Contour plot ofF'(0:, 62) in the plang(61, 02) (—7/2 < 01 < w/2, —w/2 < 03 < 7/2) for ¢ = 1. a = 0. The black line denotes

0> = 0:1.

Fig.3aContour plot off; (61, 62) in the plang(6,,02) (—7/2 < 01 < 7/2,37/2 < 02 < 57/2) for c = 1.5.
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Fig.3b Contour plot of F'(61, 02) in the planeg(61, 62) (—7/2 < 61 < 7/2, —w/2 < 62 < 7/2) for c = 1.5. a@ = 0.523599. The black
curve denotefy = —0.523599 + 61 — 0.86602567.

Fig.4aContour plot off1 (01, 02) in the plang(01, 62) (—7/2 < 01 < 7/2,37/2 < 02 < 57/2) for c = 0.5.

Fig.4b Contour plot of (01, 62) in the plang(61,62) (—7/2 < 61 < 7/2, —7/2 < 6 < 7/2) for ¢ = 0.5. « = —0.523599. The black
curve denotes = 0.523599 + 61 + 0.28867563.

Fig.5a Contour plot ofF'(61, 62) in the plang(6:,62) (—7/2 < 61 < 7/2, 37 /2 < 02 < 57/2) for ¢ = 1.5. The strings are of.; = 0.7
andL,; = 1.3.

Fig.5b Contour plot of F(ca + 601, ap + 62) in the plang(61,602) (—7/2 < 0, < 7/2, —7/2 < 0 < 7/2) for ¢ = 1.5. The strings are of
Ly =0.7andLz = 1.3. a4 = 0.476701 andap = —0.597008. The black curve denotés = —0.597008+0.4394996, —0.3140380% —a 5.

Fig.6a Contour plot ofF'(61, 62) in the planeg(6:,62) (—7/2 < 61 < /2, 37/2 < 6, < 57/2) for ¢ = 1.5. The strings are of.; = 1.3
andLy = 0.7.

Fig.6b Contour plot of /(w4 + 01, ap + 62) in the plang61,02) (—7/2 < 01 < w/2, —7/2 < 62 < 7/2) for ¢ = 1.5. The strings are of
Ly =1.3andLs = 0.7. aa = 0.597008 andag = —0.476701. The black curve denotés = —0.476701 4+ 2.275326, — 3.6992207 — as.

Fig.7a Contour plot ofF'(61, 62) in the plang(6,,02) (—7/2 < 61 < w/2,37/2 < 6, < 57/2) for ¢ = 0.5. The strings are of.; = 1.3
andL, = 0.7.

Fig.7b Contour plot of F(ca + 61, ap + 62) in the plang(61,62) (—7/2 < 01 < 7/2, —7/2 < 02 < 7/2) for ¢ = 0.5. The strings are of
Ly =1.3andL; = 0.7. ax = —0.425786 andaz = 0.562759. The black curve denotés = 0.562759 + 1.4377560; + 0.4485796% — .
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Fig.8aContour plot off1 (01, 62) in the plang(61, 62) for ¢ = 1, mp1 = 1 andap: = 0.9.

Fig.8b Contour plot of (61, 62) in the plang(01, 62) for ¢ = 1, mp1 = 1 andapi = 0.9. a = 0. The black line denote® = 6.

Fig.9aContour plot off; (01, 62) in the plang(01, 62) for ¢ = 1.5, mp1 = 1 andap1 = 0.9.

Fig.9b Contour plot of F'(61, 62) in the plang(61, 02) for c = 1.5, mp1 = 1 andap1 = 0.9. a4 = 0.357553 andap = —0.718845. The
black curve denote®, = —0.523599 + 0; — 0.86602503.

Fig.10aContour plot off; (61, 62) in the plang(6.,62) for ¢ = 0.5, mp1 = 1 anda,1 = 0.9.

Fig.10b Contour plot ofF'(61, 62) in the plang(81, 62) for ¢ = 0.5, mp1 = 1 andapr = 0.9. aa = —0.303118 andag = 0.759206. The
black curve denote, = 0.523599 + 61 + 0.28867567 + 0.083333367.

Fig.11aContour plot off; (61, 62) in the plang(6,,02) for ¢ = 1, mp1 = 1 anda,, = —0.9.

Fig.11bContour plot ofF’ (61, 62) in the plang61, 02) for c = 1, mp1 = 1 anda,1 = —0.9. a4 = 0 andag = 0. The black curve denotes
02 = 6,.

Fig.12aContour plot off1 (61, 82) in the plang(61, 62) for ¢ = 1.5, m,1 = 1 andayr = —0.9.

Fig.12b Contour plot of (01, 02) in the plane(6., 62) for ¢ = 1.5, mp1 = 1 andayr = —0.9. aa = 0.718845 andap = —0.357553.
The black curve denotés = —0.523599 + 0; — 0.86602567.

Fig.13aContour plot off1 (61, 82) in the plang(61, 62) for ¢ = 0.5, m,1 = 1 anday = —0.9.
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Fig.13b Contour plot of (01, 02) in the plane(6., 02) for ¢ = 0.5, mp1 = 1 andapr = —0.9. a4 = —0.759206 andap = 0.303118.
The black curve denotéls = 0.523599 + 61 + 0.28867507 + 0.083333363.
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Fig.51 Bifilar suspension pendulum of> a with two small
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Fig.52 Bifilar suspension pendulum of> a with a body of
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