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(Active Control of Structural Vibration Using An Instantaneous Control Algorithm Including Acceleration)

(Seok-Jun Moon and Tae-Young Chung)
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Structural Properties of Each Story
mass = 3.456E+05 kg
damping = 2.937E+06 Ns/m
stiffness = 3.404E+08 N/m

Natural Frequencies (Hz)
0.92, 2.73, 4.45, 6.02, 7.38, 8.49, 9.32, 9.82

Active Mass Damper
mass = 2.963E+04 kg

damping = 2.500E+04 Ns/m
stiffness = 9.572E+05 N/m

Fig. 1 Eight-Story Building Equipped with Active Mass Damper
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Fig. 2 NS Component of El Centro Earthquake in 1940
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Table 1 Maximum Interstory Deformation of Eight-Story
Building Equipped with Active Mass Damper (Max.
Control Force = 830kN)

=

without control\
with  control

(unit : cm)
Classical Proposed
Sory | O ““AE'D) Optimel Control Control
Case 1{34] | Case 1! Case 2
1 3.25 1.53 1.52 1.78
2 3.24 1.43 1.43 171
3 3.12 1.35 1.37 1.57
4 292 1.31 1.32 1.36
5 2.61 1.18 117 1.12
6 2.14 0.95 0.92 0.88
7 1.53 0.67 0.64 0.57
8 0.80 0.51 0.50 0.57

Case 1 : Full State Feedback .
Case 2 : Only the 8th Story State Feedback
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Algorithm :

(b) Displacement Spectrum
Fig. 3 Response of the 8th Story Using Proposed Control
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Fig. 4 Response of the 8th Story Using Proposed Control
Algorithm : Case 2
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Fig. 7 Experimental Set-up



-—l— with control
5 | —@— without control

peak acceleration (m/sec2)
(&)
1

4 6 8 10 12 14 16
excitation frequency (Hz)

Fig. 8 Performance Test Result of the Active Control
System Using Proposed Control Algorithm

: without control

U

Tt

LU IBUIELL U

FS

acceleration of the
test structure (m/sec’2)

with control

acceleration of the
test structure (m/sec’2)

motion of active mass (mm)

12 : :

0 1 2 3 4
time (sec)

Fig. 9 Time Response of the Controlied Test Structwe and
Frequency = 14Hz)

1E+1

1E+0 -
=
£ 1E1
(=
@
el
E 1E-2
[
2
& 1E-3
g
g 1E-4
1E-6 4% ——— with  control
e without controI)
1E-6 T T T T T
0 3 6 12 15 18

9
frequency (Hz)
Fig. 10 Acceleration Spectrum of the Controlled Test Structure
Using Proposed Controt Algorithm (Excitation Frequency = 7Hz)

AB7IAF TSI THeEw Ao A rigErt & olfe A
EUl %ol QAT Fguld A TS
AL TYPsa U] ol o sV Fig. 10
< 4Er1AF 05 THzell M9 AAA-F AT SH AF =
AED EMANE HAR ol2¥E YA7NFHS THz
9] Wi$9l 4Hz7} 7229 FAFHH A7) & T
Aol geol vehin &-e #A% & low, Ao
£ o) 4Ro] Aogo AFEHol ¥A UedE & = 3
t}.

5.4 E

£ 478 Fie £9€9 A7ARE spAYSY Ue

% ».
) FEE ABACIY YAHEWAN B AT SR
Azo) £5 EE WAAZRT o goldn, I4EE 4
AP T¢ WY EE 4T AW 22 2 A
20 MARES FEFo2 Ao RAUA A &
. old@ BAPE A4S A stswst T &3
AAA QuAFE st AeE A5t XPE
£3AAA LAEL NEEAE AN Hedeln A
29 Augnoz Ao Avsth E¢ £TAHA
dnggolnz Jr)AEe wE F2E ATAl &
g3 89 4+ Uk
) Fh5ol B WASE ARALS dgE aRHow
237 98 SEAAAR PHA2A AU BE
AFTERA L WHES FEAS HoEm oF A
d 2ddel THAA Aojol5e AR s
3) F2E AFANE ALY FF AolFA T4, A
A Aol AR AW AFAUL U8 T2
Bl of 2%0) AWee uz AP BAHoD BIY 2
AolN TzES A% HEEdde o YSENA Ha
A7l EE SIS,

x 7]
E AFE BP1EA 2A@) FAZ HHFFAEH
F5o2 9% “4AAE FEANALRAS S AREo)
.

- 259 -



e
[1] Reinhorm, A. M. and Manolis, G. D., "Recent Advances
in Structural Control”, The Shock and Vibration Digest, Vol.
21, No. 1, 1989, pp. 3-8
[2] Soong, T. T. Active Structural Control: Theory and
Practice, Longman Scientific & Technical, New York, N.Y.,
1990
[3] Chung, L. L, Lin, T. T, Reinhom, A. M., and Soong,
T. T., "Experiments on Active Control for Seismic Structures”,
Journal of Engineering Mechanics, Vol. 114, No. 2, 1988, pp.
241-257
[4] Chung, L. L, Lin, R. C,, Soong, T. T., and Reinhom, A.
M., "Experimental Study of Active Control for MDOF Seismic
Structures”, Journal of Engineering Mechanics, Vol. 115, No. 8,
1989, pp. 1609-1627
{51 Kirk, D. E.,, Optimal Control Theory: An Introduction,
Prentice-Hall Inc., Englewood Cliffs, New Jersey, 1970
[6] Balas, M. 1, “Feedback Control of Flexible Systems”,
IEEE Transactions on  Automatic Control, Vol. 23, No. 4,
1978, pp. 673-679
[7] Balas, M. J, “Active Control of Flexible Systems”,
Journal of Optimization Theory and Applications, Vol. 25, No.
3, 1978, pp. 415-436
[8] Meirovitch, L., Dynamics and Control of Structures, John
Wiley and Sons, Inc., New York, N.Y., 1990
[9] Meirovitch, L. and Baruh, H.,, “Control of Self-Adjoint
Distributed-Parameter ~ Systems”, Journal of Guidance, Control
and Dynamics, Vol. 5, No. 1, 1981, pp. 60-66
[10] Yang, J. N, Axbarpour, A, and Ghaemmaghami, P,
“New Optimal Control Algorithms for Structural Control”,
Journal of Engineering Mechanics, Vol. 113, No. 9, 1987, pp.
1369-1386
{111 Yang, J. N, Long, F. X, and Wong, D., "Optimal
Control of Nonlinear Structures”, Journal of Applied Mechanics,
Vol. 55, 1988, pp. 931-938
[12} Yang, J. N, Li, Z, and Liu, S. C., "Instantaneous
Optimal Control with Acceleration and Velocity Feedback”,
Probabilistic Engineering Mechanics, Vol. 6, Nos 3 and 4,
1991, pp. 204-211
[13] Yang, J. N, Li, Z,, and Liu, S. C.,, “Stable Controllers
for Instantaneous Optimal Control”, Journal of Engineering
Mechanics, Vol. 118, No. 8, 1992, pp. 1612-1630
[14] Soong, T. T., Reinhorn, A. M., Wang, Y. P, and Lin, R.
C., “Full-Scale Implementation of Active Control. I: Design and
Simulation”, Journal of Structural Engineering, Vol. 117, No.
11, 1991, pp. 3516-3536
[15]1 Fujita, T., Katsu, M., Miyano, H., and Takanashi, S.,
“Fundamental Study of Active-Passive Mass Damper Using
XY-Motion Mechanism and Hydraulic Actuator for Vibration
Control of Tall Buildings”, Transactions of the Japan Society of
Mechanical Engineers, Part C, Vol. 57, No. 543, 1991, pp.
3532-3539 (in Japanese)
[16] Fujita, T., Mizuta, M. Matsumoto, K., Kinoshita, M.,
Takanashi, S., and Miyano, H., “Large-Scale Model Experiment
of a Hybrid Mass Damper with Convertible Active and Passive
Modes for Vibration Control of Tall Buildings”, Transactions of
the Japan Society of Mechanical Engineers, Part C, Vol. 59,

No. 557, 1993, pp. 36-43 (in Japanese)

[17] Fujita, T., Kamada, T., and Masaki, N, “Fundamental
Study of Active Mass Damper Using Multistage Rudder Bearing
and Hydraulic Actuator for Vibration Control of Tall
Buildings(2nd Report, Excitation Tests for Experimental Model
of Building with Mass Damper)”, Transactions of the Japan
Society of Mechanical Engineers, Part C, Vol. 59, No. 558,
1993, pp. 71-77 (in Japanese)

[18] Sakamoto, M., Sakaki, K., and Kobori, T., “Active
Structural Response Control System”, Mechatronics, Vol. 2, No.
5, 1992, pp. 503-519

[19] Moon, S. J. and Chung, T. Y., “Development of Active
Control System for Structural Vibration Using a Hydmaulic
Actuator”, Transaction of the Society of Naval Architecture of
Korea, Vol. 32, No. 1, 1995, pp. 94-102 (in Korean)

[20] Yang, J. N, Li, Z, and Vongchavalitkul, S,
"Generalization of Optimal Control Theory Linear and
Nonlinear Control”, Journal of Engineering Mechanics, Vol.
120, No. 2, 1994, pp. 266-283

[21] Moon, S. J, "A Study on the Active Vibration Control of
Large Structures”, Ph. D. Dissertation, Seoul National University,
1995 (in Korean)

- 260 -



