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Buildings are getting higher.
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Natural frequencies are getting lower.

Disturbance such as winds,
earthquakes, etc

Structural vibrations become a serious
problem.
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Connected buildings control method is available
for vibration control of multiple buildings, and
obtain large control force at low frequency.

Semi-active control systems have large control
force with lower energy than energy required in

active control system, and inherent stability.

Recently, a MR damper is introduced as a
semi-active device.

They can be controllable for large vibrations like
earthquakes.




A vibration control mechanism using the
Interaction of the multiple buildings by

Installing the control equipment between
parallel buildings.
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A large control force can be obtained
at low frequency vibrations

fﬁm = T M No need for additional mass like a

| | ii_'m,

) g (kN
4}5] it !ﬁn%l i'=";.'lr" iz l & I M D .
S R, R 111
S - il

Reduce a number of vibration control
devices.

Useful space inside the control equipment
used as a passageway to connect buildings.




To propose a design method of a semi-active
control system with a suitable MR damper
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To verify the effectiveness of semi-active vibration
control for buildings connected with the MR damper by
the simulation and experiment.

To propose a design method of a feedback gain using a
genetic algorithm for MR damper characterized by non-

linearity.
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Structurel | Structure2 &

| Mass[kg] | Stiffnes[N/m] | Damping[Ns/m1}
| m1=3558 | k1-1.89>10° | ci=10 |
| m2=4361 | kp=281>10° |  c2=47 |
| lki=-5e2x10']  cli=4 |
| m3=2761 | K3=308>10° | c3=6 |
| md4=3475 | k4=35310° |  cd=60 |
__ [keo=-691>10] c2=10 |
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Compare the range of variable damping force
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Dividing output for
semi-active control




Koceleration Sensor
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Shake Table

Displacement




T T T
uncontrolled i i H uncontrolled
semiactive L0 — s e miactive 3

eeeeeeeeee SAa H —— semeactiveGA

Acceleration [m/s?]

Freguency [H=]

—
(€D
-
>
)
(&)
>
-
)
(7p)
(VI
o
Q.
@)
|_

T

— uncontro lled

— s miactive LG
semeactiveGA

Aeceleration [m/s?]

Freguenocy [Hz=]

Top of structure 2

Acceleration time responses Frequency responses




: T T
uncontrolled i i i uncontrolled

SSSSSS i LG

ficesleration [m/s¢]

—
(€D
-
>
)
(&)
>
-
)
(7p)
(VI
o
Q.
@)
|_

T T T
uncontrolled uncontrolled
semiactivel () H H H semiactive LG}
semesactive G4 : : : — semeac tiwe A

Acceleration [m/s?]

Top of structure 2

Acceleration time responses Frequency responses




y

Permanent Electric \;n fluig
magnet  magnet




— s miactivelll
— =zemeactiveGh

Acceleration [m/s?]

Time [s=c] Freagusenoyw [H=]

Top of structure 1

m— semiactive LG
—— semeactiveGs

Accaleration [m/z2]

1
15
Time [sec] Freausncy [Hz]

AN
(<)
-
-
o’
O
-]
-
)
(7p)
h
o
Q.
(@)
|_

Acceleration time responses Frequency responses




A new sponge type MR damper mechanism was
presented, and its capability was confirmed
through experiments.

The method using GA was effective for the

nonlinear semi-active system better than using LQ
theory.

The control algorithm for semi-active system
suppressed two vibration modes by one actuator.




Thank you

for your attention




Passive Systems Active Control Systems

Not adjusted from outside

No energy is required Large energy is required

Semi-active Systems

Controllable

Little energy is required
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MR fluid Magneto-Rheological Fluid
. The fluid suspending magnetic particles in oil

In magnetic field, The magnetic
particles form clusters.

These clusters become the flow
resistance and increase the
apparent viscosity of MR fluid.

This fluid can be controlled

electrically using electric magnet.
by Lord co.




GA emulates Darwin’s theory of evolution, and is the
algorithm to search a broader region and to find an

optimal solution.

Semi-active control guarantees
the stability,because its device is a
kind of passive device.

The optimal solution may be in an
Instable area which is not able to be
searched with LQ theory.

A semi-active system design method
has not been established yet.

The system is stable,
even If the feedback
control Is used.

GA can search both
stable and instable
area.
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