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Chapter 5 Active structural vibration control

5.1 L FEEhE = iHIHhE

Introduction to active structural vibration control
5.2 ZEHETNREIIEF R GEHK

The mechanism of active control of structure
and system components

5.3 FEmtHIEE

active control algorithm
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Introduction to active structural vibration control
5.1. 1 GHEsNEEITHIE AR 257 2

Concepts and classification of active vibration control
fBk2 concepts
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Active structural vibration control is a control technology by
applying instantaneous control force or instantly altering
the dynamic properties of structures through some

external energy supply to rapidly modify or control the
motion of a structure




7% : Classifications
(1) IREDITHIBFIBIZE 22 Classification by
utilization of active control
@D &4 () EzhiEHl (Active Control)
2 ¥ EENIEH] (Semi Active Control) ;
Q LR &7 HI (Hybrid Control) .
(2) IRSEMITHIRNFEE 573  Classification by
Implementation means
@ wEMIMh¥EEIB; by applying external control force
@ KTEMSEEBL; by altering the structural parameters
@ HeE# Rl BITE!. By using intelligent self-control
materials
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5.1.2 Pk 5 AN H e ] Advantages, disadvantages and
application

A F: Advantages

(1) BUEEFHIBRL; enhanced effectiveness in motion control.
The degree of effectiveness is, by and large, only limited by the
capacity of the control system;

(2) &M, applicability to multi-hazard mitigation situations
(3) 43¢ 1F; More economical, Save the engineering cost
(4) XHAMTA S AT HA I E B ANEURK relative insensitivity to site
conditions and ground motion.
EAE R B 6. Existing problems

(D) JERIA R the effect of vibration control is temporary
(2) EHI ARG LIERFaEM:; the instability of control system
(3) Wil AL; time delay



5.1.2 Pk 5 A1 N e Bl Advantages, disadvantages and
application

Existing problems
(4) BEEHIAMAL; input of energy
(5) £ economical problem

(6) RGFEERHEYEP M. The daily maintenance of
system

application

It is mainly applied in the vibration control of the following
structures under wind, earthquake and environmental excitation

(D) &)= EEEES; high-rise and super high-rise building
(2) HBIELEEEEF4EHR); high-rise towers or special structures.

(3) Mrge HAh KEsE45M); bridges and other large-span
structures

(4) AamZ TS50, Lifeline projects



5.2 ZEf)FEThITHIR R E VIR R S LA AL
The mechanism and components of structural active control
system
5.2.1 Mechanism of structural active control

the mechanism and components of the system is introduced by taking the
typical active control system——active mass damper (AMD) as an
example.

nNEHRENZESER, XAEHRRIEGSRER. RN THIEE
FiEA:

The Linear structure with n DOF adopts active vibration control systems,
Its equation of motion is:

MX +CX + Kx = FXg+EU

Suppose that the open-closed loop configuration is used in which the
control force U is designed to be a linear function of the measured
displacement vector x, the velocity vector and the ground acceleration.
The control force vector takes the form:

U=Kx+Cx+FX,



5.2 ZE¥)FEThITHIR R BN R ST LA L
The mechanism and components of structural active control
system

The substitution of equation of U into equation of motion yields:

MX +(C — EC,)x+ (K — EK,)x = (F — F,))X,

It shows that the active control is immediately appealing and exciting. On
the one hand, it is capable of modifying properties of a structure in such a
way as to react to external excitations in the most favorable manner. On
the other hand, direct reduction of the level of excitation transmitted to the

structure is also possible through active control.

The choice of the control gain matrices depends on the control algorithm
selected. A number of control strategies for structural applications have
been developed,
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The V|brat|on control by active control force
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When the AMD active control system is excited by earthquake, the seismic
response of structure occurs. The mass is driven by the actuator of AMD
system, and the inertia force of the mass, equal to the control force, is

applied on the structure by the control system through the springs, dampers
and drivers, to control and modify the displacement response of the structure.




5.2.3 EHENIE . ZHENRREAFR
Active variable stiffness and Active variable damping system
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The active control system controls the vibration of the structure by
directly controlling the interlayer Variable hydraulic dampers rather
than applying control force. The dampers can adjust the structural
stiffness and damping, so that the earthquake response of the
structure can be damped and controlled. This type of control system
IS named as active variable stiffness(AVS) and active variable
damping (AVD) control system. The different algorithm can be used
In control strategies of variable stiffness or damping.




5.2.4 EENITEHIRGHEMRF TIERTE

The components and work process of the active control
system

L BBV BIAMD i B 2 Se A pk Fl LAEiR4#2. Taking the typical AMD as
an example to explain the elements components and work process of

the control system__ . ¥ .
R=u—-u"
pwicsy | | PRM
Ky fﬁﬁﬁiﬁ
Cj um—Tu Fn
EER
I |
i |
. I i z | == %
& 38 { x FEHE
iﬂﬂf ® i
ki ! u ku'
[ Bnads "‘;D
x, D !'A
4 HHHL
i




working process of the AMD control system:

(1) Data collection: online measuring the ground and structure
vibration response under seismic excitation by sensors.

(2) Data processing and transmission: The measured vibration
response signal is filtered, amplified, regulated, and treated by analog
differential, and is transferred to the A/D converter of a computer
system

(3) A/D conversion: Convert a analog voltage signal into a digital
voltage signal.

(4) Control calculation: the digital voltage can be transferred to
displacement and velocity of structure by computer. Then the control
force U can be calculated by the selected control algorithm.

(5) D/A conversion: Converts the digital voltage signal of control
force (U) to analog voltage signal and feed to the servo controller.



working process of the AMD control system:
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Servo control: the servo controller is connected with the
feedback sensors of the actuator. And the controller compares the
command signal of the control force (U) from the computer to the
signal of the driving force from the feedback sensors (u*) (negative
feedback). Their difference is transmitted to the electro-hydraulic
servo, which control high-pressure oil piping to the cylinder of the
servo actuator. The piston of the cylinder moves with the deviation
of the signal until it tends to zero. In this way, the actuator applies
control force to the structures according to the command to damp
and control the vibration response of the structures. Repeats the
step (1) to (5) until response of the structure reduces to minimum.



5.3 EEEHIE A
active control algorithm
Brief introduction to active control algorithm

FahiEhlIE AR EaniEdlEM. ENEN RS, EXEHRGERER
INSHIEMZIMAREGT, BFESENETERE, SHEHEFSY,
ERGIABIBIAV I REFEPR, SEMMITLEEFAR S MITH.

The active control algorithm is the fundamental element of active control.
Its target is: making the active control system reaches favorable
performance and optimal control of the structure by choosing appropriate
gain matrix and the best control parameters before meeting the equation
of state and various constraints,

Main algorithms:
(1) #HzZ M HMITH] Classical linear optimal control (Yang, 1975) ;
(2) BEBTsLIES Instantaneous optimal control (Yang, 1992) ;
(3) MHBEETERLIEFI Improved instantaneous optimal control (|&]4£RH .
E@E#%. &E¥, 1996) ;
(4) #&E75#2#) Modal Control (Martin and Soong, 1976) ;
(5) Bk:Aisl Impulse control  (Udwadia, 1981) ;



5.3 EFEHITE
active control algorithm
FEIEFIE A E /v Brief introduction of active control algorithm
(6) FMFEH Predictive control (Rodellar, 1987) ;
(7) Bi&RzHI Adaptive control (Safk, 1989) ;
(8) #EHBIEHI Fuzzy control (Yao, 1989) ;

(9) Heo (FEPRK) fiikixhl H (infinity) robust control  (Safonov,
1991; X¥r#k, 1995) ;

(10) LML Neural networks



5.4 Engineering applications S 28— FHAMDHJ R,
R TEAm, =33m, = 8.25,
TeVE AL 8 T R PTT BT 2E
e Ko RITKE T 21AMD RS,
.| - sensor AMD-1¥EHI45 1 1 HRB), AMD-2
PR EAR) .

The first building with AMD in the
world, 4m width and 33m height.
because of the ratio 8.25 of
height to width, the building
couldn’t meet the conventional
1 . seismic and wind resistant

i i requirement. Two AMD systems
T HrSewa K JE were installed on the roof. AMD-
1 controls the main vibration of
structure, and AMD-2 controls
the torsion vibration.

Sensor

Observation System

Sensor

Seiwa Kyobashi Building



EKELord AR FF & BB KBH 8 /7 8200k NFI G AR R R JE 2%

Magnetorheological fluid damper with a maximum damping force of 200kN developed by
American Lord Company
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HZSanwa TekkiA & & T H AR EY1E I 300kNHE 7 A2 BELJE 2%
The 300kN Magnetorheological fluid damper developed by Japanese

Sanwa Tekki Company is used in Tokyo Museum
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H AT RE ik X KB (Kajima Shizuoka
Building) (SHD)
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HA4sSanwa TekkiZA&]JF & K T B B /5 22 3R A 400kNRE IR A2 v FELJE 2%
The 400kN Magnetorheological fluid damper developed by Japanese
Sanwa Tekki Company in the seismic isolation of Residential buildings
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Magnetorheological fluid damper used in Dongtinghu Bridge to control the
rain-wind induced vibration vibration of the stayed cables
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Details of Magnetorheological fluid damper in Dongtinghu Bridge



