54 0000000000000 00Vol. 24, No. 3, pp. 54-60, 2011

g g

O0o0o0oooooooooooooooo

ooooOofoooooagf

Start Control of Parametric Pendulum into Periodic Rotation*

Yuichi Yoko1' and Takashi HIKIHARAT

Parametrically excited pendulum inherently demonstrates a conversion from forcing vibration to
rotational motion. The onset of periodic rotation strongly depends on the initial condition. We
propose a control method to start up a parametric pendulum into periodic rotation based on an
external force input with time delay. The feasibility of proposed method is verified numerically
and experimentally. This paper advocates that the proposed method is suitable for crossing over a
separatrix which governs the dynamics from initial conditions.
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T (1a)
dv .
= (1 —|—pcoswt) sinf (1b)
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Fig. 1 Domain of attraction for the parametric pendu-
lum (1) at y=0.1, p=0.5, and w=2
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Fig. 2 Block diagram of the proposed control for a peri-
odic rotation of parametric pendulum
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Fig. 3 Transient behavior of the controlled paramet-
ric pendulum (4) at (a) (p,w,K)=(0.5,2,0.1),
(b) (1,3,0.1), and (c) (1,3,0.15), where y=0.1

000000000 w(t)00000000000000
(1)0000000000000¢=137000 4(t)0
0000000000 w(t)0000000000000
000000000000D0000000000000
0004(+)00000000000000000000
000D000000000D0000 (5)0000 K=0.1
0000000000 Fig. 3(b)0000000000
0000000 (1,1)000000004(¢)0 7/200
000000000000000«(t)00000000
0000000000 O0Fig 3(c)0000000000
K=01500000000000000004()000
00D0006()=r00000000000000000
00000000K=010000000000000
KO0OODOOOOOOOO0O0OO0O0Oo00
000000000000000000000000
0000O0O0O0Fig 3(b)000000000 |u(t)<e
00000000000000000 (1,1)00000
00O00Fig 3(a)0(c)00000000000000
000 w(t)=000000000000000000
O |u(t)|<eO |u(t)) >e0000000000000
0000000000 (1,1)000000000000
000000000 |u(t)<e0OOOOO0OOO0DOOO
000000000000000000000000
00000000D0D00000(1,1)00000000
0(t)=0(t—T)+2r+¢/K00D0000D00000O0



0bo0oo00oo0o0oooo0oooooooooogon

57

s S R
—7/2 0 /2
(al) K = 0.05

—m/2 0

/2
(a3) K = 0.15

-7

Fig. 4 Domain of attraction for the controlled paramet-
ric pendulum (4). The damping + is fixed at 0.1.
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Fig. 5 Bifurcation diagram with respect to the control
gain K in the controlled parametric pendulum (4)
at (a) (p,w)=1(0.5,2) and (b) (1,3), where y=0.1
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Table 1 Size of the experimental pendulum

Pendulum | Mass 94.8 ¢
Length 89.0 mm

Rod Mass 39.6¢g
Length 180.0 mm
Diameter 6.0 mm

Bob Mass 50.6 g
Diameter 50.0mm
Width 10.0 mm
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Fig. 7 Start control of the experimental pendulum
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