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Dynamic characteristics of a micro mass-spring vibration system and its
vibration control

Morishita, Shin
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A micro mass-spring vibration system was constructed and experiments were
conducted. The wire diameter of coil spring is twenty micrometers and the diameter was several
hundreds micrometers. The weight of mass was several milligrams. As a result, it was shown that
Newtonian dynamics is still valid for the system of this size. It was also discussed on the damping
effect caused by the air resistance. Furthermore, the swarm intelligence has been applied to a
vibration control system. A number of units composed of a sensor and an actuator were distributed on

the system, and each unit was connected to each other to exchange the information of state
variables sensed by each unit. A lumped mass system with five degree-of-freedom was prepared as the
mechanical system in this simulation, and a variable damper was assumed as actuator on each unit.
The result showed that the excited vibration was reduced autonomously by the swarm intelligence
configured on the network of units.

MR



10

18

25

23

MEMS

MEMS

1

20

3
20
1
200—400

20

20

SWP-H



=
n

N
'S

s o
o W

o
—

Displacement [mm]
(=

S S S
[

s
s
e

|
<
n

0 10 20 30 40 50
1 Time [ms]

20

5x10™

20
~100kPa

20kPa

0.0009
© No.1 @ No.2 o No.3
0.00085 ]
0.0008 e
0.00075

0.0007

Damping ratio [-]
®

0.00065 @ ® °

microscope mmmmm]  3-axis stage s
0 20 40 60 80 100 120
3 Pressure [kPa]




MR

MR
10

MR

MR
MR
100

o
S
— - —
= <o <=
£ P
T B
s m v B =
- V
S ¥
—teal | =
B i -
- 2
A‘M_“‘\ ]
—=teal | | =
o — _ -
" S
— ] — 2 —
== =
S —
PR PR
S — g
— 1 < P
Sm— |
= o=
=1 o =
S
Q
g S e
L=
_E —=
(=3
= S ~
= | =
]
=
Gt T
— =L S
=

00000000000

[wnd] yuswaoeydsiq

400

Mass 1

Mass 2



Newmark-[3
0.01

120

10

120

displacement [m]

x103 —unitl —unit2 —unit3 —unit4 —unit5
3.0

115 117 119 121 123 125
time [s]
9 2.56Hz
—e— without controlled
—e— with controlled
2.56 Hz 7.48 Hz 15.1 Hz 17.3 Hz
5;
a4
3 8
2 2
b 1,
1 ; 1, 1 ; 1
10
5
4



6

S.Hamada and S.Morishita, Dynamic
Properties of a Very Small Mass-Spring
System, Proceedings of 17th Asia Pacific
Vibration Conference (2017-10)#237

5
T.Hiura and S.Morishita, A Vibration
Control System Based on Swarm Intelligence
with Variable Dynamic Damper, Proceedings
of 17th Asia Pacific Vibration Conference

(2017-10)#243 10
2

No.170-3 2017-10 #208 2

T.Hiura and S_Morishita, Application
of Swarm Intelligence to a Vibration
Monitoring System, Proceedings of ASME
Conference on Smart Materials, Adaptive
Structures and Intelligent System,

(2017-9) #SMASI1S2017-3734 6

S_Hamada and S.Morishita, Vibration
Characteristics of Small Mass-Spring
System, Proceedings of 5th Japan-Korea
Joint Symposium on Dynamics and Control

U00033

o

(2017-8)#322 8

No.17-13 2017-8
8

MORISHITA Shin



