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Degree of . Priority | Priority
Freedom Pra T of of
actuator | sensor
1 0.1565 | 0.1922 5 5
2 0.2991 | 0.3673 4 4
3 0.4541 | 0.5576 3 2
4 0.5555 | 0.6821 2 1
5 0.6093 | 0.3741 1 3

Table (2) Install priority of sensors and actuators

aib = oibe Jlad L calis glacdl> () d 50

Symbol Case
Control off Main structure

One sensor (4" story) and one

A5-S4 th

actuator (5™ story)

As4-Sy3 Two sensors and two actuators
As 4,3-S4 One sensor and three actuators
As4,3-Ss3 Two sensors and three actuators

Table (3) Different active control cases in five-story building

Cm)gslging oty Sl Slib DS 1ot iy aemglie (£)d 50

Case 4" story | 5" story
Control off 12 13.3
A5-54 6.99 7.66
Ab,4-S4,3 6.3 7
Ab,4,3-54 7 7.6
A5,4,3-54,3 5.36 7.99

Table (4) Comparison the maximum displacement based on the

proposed method (cm)

151

Olag JSo Gl Ols Jol Jaw o3 baalys o S5
335 S 53 55 Sl 3 el Ul 4 el e

1Sl s gladdal, 511 g3 glace e Ol o Shes
(\4)
(Y+)

le (plLinVDL‘l‘ (leinVD'M
ZZ: CPZLinVDL‘l‘ (PZMinVD'M
5 Ao Ll g i My Lol slaar s byl
Ko e Oals S s 3 bl S5
Sl S ez e Ol8 s wlie 55 4 .l Ol g

‘J;W}gbﬁ:

klyy gdae QLHsI-0

Sosboles b L esledn s DS Sl
S o M sl iy Cod S aab s Ol
03 o3k ool glap 5 e Slaasiia [4] 500 e el
ol ek el 0L () IS5)

[\\]Jsﬁ@oowu\p

Pt (0. 1295 kg L

[ -

"k

(L 2549] ‘i o
1.2591 kg I

(1. 23501 ks [

P77

Fig. 1 Five story shear building [11]
ji,’) E) Sl J)\ Sge Lﬁ«lﬂ" /.0 L;b‘: o)'L.»: UT'~\ Cmimat
oo 53 b by ol S tizes |l OF Ol (glas o
[\\] 295 )Lg “ OJLw ;ﬁ‘)’fﬂ J’i}jl"' u.:dt.? 6‘;:
Q—L‘ 03 s wl.. Lg;l.é_:.iﬁ o b oojlas Q—l‘ sbole s
63% c).f.i': t}.;bls )) thﬁq& 9 thi.w} )‘-X’J _)S\ cob



O 5 55 =S S

B R R F N CON SV PP N | PSS P I ST

&Y
[1] Akutagawa S, Otsuki M, Kitagawa Y. Hybrid
control system with optimal fuzzy logic and genetic
algorithm forhigh-rise buildings. 13th World Conference
on Earthquake Engineering, Vancouver, B.C., Canada,
2004.

[2] Guclu R, Yazici H. Vibration control of a structure
with ATMD against earthquake using fuzzy logic
controllers. Journal of Sound and Vibrations 2008; 318:
36-49.

[3] Chen G, Wu J. Optimal placement of multiple tune
mass dampers for seismic structures. ASCE Journal of
Structural Engineering 2001; 127(9): 1054-1062.

[4] Rudinger F. Tuned mass damper with nonlinear
viscous damping. Journal of Sound and Vibrations 2007;
300: 932-948.

[5] Hoang N, Fujino Y, Warnitchai P. Optimal tuned
mass damper for seismic applications and practical
design formulas. Engineering Structures2008; 30: 707-
715

[6] Datta TK. A state of the art review on active control
of structures. 22nd ISET Annual Lecture, ISET Journal
of Earthquake Technology 2003; 40(430): 1-17

[7] Symans MD, Constantinou MC. Semi-active control
systems for seismic protection of structures: a state-of-
the-art review. Engineering Structures 1999; 21: 469-
487

[8] Korayem MH, Alipour A. Dynamic analysis of
moving cables with variable tension and variable speed.
International Journal of Engineering 2010; 23(2): 157-
168.

[9] Alamatian J, Rezaeepazhand J. A simple approach
for determination of actuator and sensor locations in
smart structures subjected to the dynamic loads. IJE
Transactions A: Basics 2011; 24(4): 341-349

[10] Dukkipati RV. Matlab An introduction and
applications. New age publishers 2010.

[11] Clough RW. Penzien J. Dynamics of Structures.
McGraw Hill, New York 1993.

152

9 )i‘”" hi-i )‘ esliiel I~ BE) ¢(f.d_9.l>—) @L’b UAL«.AJ\JJ
Sl Los £Y sl WU ik O s S K
j.<..m> 93 _}-<'L"-“ 93 )‘ osliial Il 02 (e ‘)‘JLiL;‘
Al e Eals Ay BV ssus YL olib O
S Kl s Sas a1 oslital Sy 5 ioman
A{)Jﬁaﬁj:j\wmﬂ\dbgwuﬂwﬁ@uﬁﬁ\jél
Eoin Gl aa) 3t D (K 53 S ol jen
}Jiwwjl oslaiul & go n il dal s O s

S 5 4w
slebest db Rl Glr ns esd SR rl U2
bojle Saalis glae, S wly 2 Al ool 3 8 &l o5l
Sy Shoe i bojlo gl 0F 3 5 2 g3l el
Liles b Shas slag b coolenin 658 0 L3 R4
Gls L3S BN s Las il 25 ol slas s
e 3 Sl S s b IS 4 s Ses
030 eon Sl At Gl ole ol Oleg glas s
sl s Sl s O, aiy Ol ooleldny
VLI VRN 6>\ji@,>@°judw&gm
2 Sles 5 K Kl eslinal S s gsae @Lﬂ
A 4 el VL gbedil O s sl Cond e
SalS doys £Y spds b il wble 51 eslizal 05
S 33 5 Shes 55 5 eslinad 3 S J sk
Al e SalS do)s BV spue YL ok O,
Sl a3 4 )in,..;-):)fik; aw Sl esliial (yoomen
oeals Loy 00 U Iy YL Olib O s wiy il

.M)L;a



ul)l&“.aj)ﬁﬁ;&b d))j‘j))JGW}A‘SL&a)udwf:w)ldf.s

Active Vibration Control of Frame Smart Structures

B. Karimpoor', A. Kayhani?, J. Alamatian®"

1- Ph.D. Student, Civil Eng. Deprt., Shahrood Univ., Shahrood, Iran
2- Assistant Prof., Civil Eng. Deprt., Shahrood Univ., Shahrood, Iran
3- Assistant Prof., Civil Eng. Deprt., Mashhad Branch. Islamic Azad Univ., Mashhad, Iran

alamatian@mshdiau.ac.ir

Abstract:

In this paper, a new scheme is presented for controlling the structural vibrations, excited by the external
dynamic effects such as the earthquake and etc. The proposed method is an active control technique
which is compatible with the structural dynamic behavior. In the other words, the proposed active control
method is formulated based on the structural dynamics theories. This approach could be used for
designing a control mechanism with multi actuators and multi sensors. For this purpose, the actuator’s
forces vector is added to the dynamic equilibrium equations of the motion. The vector of the actuator’s
forces is independent of the natural dynamic equilibrium equations of system and the elements of this
vector are determined based on the active control strategy. This paper presents an innovate concept to
formulate the external control forces which are applied to the main structure by the actuators. For
calculating the control forces, each actuator force is modeled as an equivalent viscous damper. If there is
m actuator attached to the structure, m actuator force should be determined in the control process. Based
on the proposed technique, each actuator force is considered as a viscous force, added to the dynamic
equations of motion. Therefore, there is m unknown force in the control system. These m unknown
parameters should be calculated at each instant time of the control process which leads to reduce the
structural vibration. For determining these m unknown actuator forces, m additional equations is
required. Here, the critical damping concept of the structural dynamics theory is utilized to prepare the
required equations. For this purpose, the actuator forces are determined so that several lower vibration
modes are damped critically. In the other words, m actuator force is calculated if the m initial vibration’s
modes are in the critical conditions. By creating critical damping condition for m initial vibration’s
mode, a set of m simultaneous equations is achieved. In each time instance of the control process, the m
actuator forces are determined by solving this set of simultaneous equations. As a result, the proposed
control mechanism is formulated by a simple mathematical formulation. On the other hand, the proposed
method does not depend on the type of the dynamic load and it could be applied to control each structure
with multi degrees of freedom. It should be noted that running these process in the case of multi actuator
is the main originality of this paper. In the other words, a similar control procedure is performed for a
system with single actuator. For numerical verification of the proposed method, some criterions such as
the maximum displacement are evaluated in a five-story shear building which is excited by the seismic
load i.e. the Elcentro Earthquake. This study shows that the proposed active control method has
sufficient accuracy and suitable efficiency for decreasing the structural vibrations. According to the
numerical results, the maximum drift in the upper floor of this five-story shear building is reduced by
55%. By increasing the number of actuators, the control process with higher efficiency is achieved.

Keywords: Smart structure, Active control, Actuator, Sensor, Displacement, Kinetic energy.
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