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Mutual entrainment and synchronization pattern control of coupled parametric excitation system
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Masayoshi Inagawa, Muroran Inst. Tech.

Hidekazu Kajiwara, Muroran Inst. Tech.

Mutual entrainment phenomenon is also called synchronization phenomenon, if various synchro-

nization patterns of mutual entrainment can be controlled freely, it is considered to be applicable to

vibration control of multiple degrees of freedom system. In our previous work, we showed that the en-

ergy of a swing system can be controlled by periodic input control method, and that forced entrainment

occurs in the system. In this paper, we describe the result that analyzed by simulation and experiment

whether mutual entrainment occurs when two swing systems are coupled mutually and show that peri-

odic motions of the coupled swing system are controllable by our synchronization pattern guide control

method.
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Fig.1: Swing system and its coordinates
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Fig.2: Block diagram of mutual entrainment

Table 1: Parameters of the swing

m:0.186 l01:l02:0.0651 Kp: 20
e=1.3 Q1=0Q=12.3 E;=0.03

Angular velocity[rad/s]

120 121 122 123 124 125
Timel[s]

Fig.3: No coupled parametric excitation system
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Fig.4: Anti-phase mode of mutual entrainment
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Fig.5: In-phase mode of mutual entrainment

8.0

— swing1

60 - —- swing2
SRR

B v i -

!-!!'.!!'!'i!!'-

2.0

Angular velocitylrad/s]
5 3 o

2

&

-8.0
30.0 325 35.0 375 40.0 425 45.0 475 50.0
Timels]

(a):30-50[s]

— swingl
15 —:= swing2

!_i_ﬁl}!’_i.“i_ RERBIERER

Angular velocity[rad/s]
s o
8
=

(b):50-80[s]

Fig.6: Synchronization control(use only K,,)
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Fig.7: Synchronization control from anti-phase mode to
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Fig.8: FFT analysis of no coupled parametric excitation

system
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Fig.9: FFT analysis of coupled parametric excitation

system
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Fig.10: Swing robot system

Table 2: Parameters of the swing robot system

m:O.186 l01:l()2:0.0651 Kp: 40
e=1.3 91292: 8.6 Ed:0.03
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Fig.11: FFT analysis of no coupled parametric excita-

tion system in the actual machine
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Fig.12: FFT analysis of coupled parametric excitation

system in the actual machine
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Fig.13: Anti-phase mode of mutual entrainment in the

actual machine
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Fig.14: In-phase mode of mutual entrainment in the ac-

tual machine
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Fig.15: Synchronization control(use only K,,) in the ac-
tual machine
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Fig.16: Synchronization control from anti-phase mode

to in-phase mode in the actual machine
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Fig.17: Synchronization control from in-phase mode to

anti-phase mode in the actual machine
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