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Abstract: The vibration reduction efficiency of a tuned mass damper (TMD) is closely related to the inherent parameters of the
structure and TMD. Accurate identification of the structure and TMD inherent parameters from the response of the structure-TMD
coupling system is necessary for the evaluation of the vibration reduction performance of in-service TMD. This paper offers a pa-
rameter identification approach based on NSGA- [l (Nondominated sorting genetic algorithm) that can identify the parameters of
‘bare structure’ and ‘bare TMD’ from the coupled structure-TMD response in order to solve the issue of state evaluation of
TMDs in service. The structure-"TMD coupling equation is constructed. It is reduced and transformed into a two-degree-of-freedom
system of the structure-controlled mode and TMD coupling. Two objective functions are constructed by means of the system state
space matrix. The genetic algorithm is used to find the optimal solution corresponding to the minimum error between the theoretical
value and the experimental value, so as to identify the modal parameters of the structure and TMD. The numerical simulation anal-
ysis of parameter identification of single-degree-of-freedom structure-TMD coupling system and multi-degree-of-freedom structure-
TMD coupling system is carried out. The results show that the proposed method can accurately identify the inherent parameters of

structure and TMD from the dynamic system response of the coupling system.
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Tab.2 The result of parameter identification without

noise
r A SH
Wou/% f/Hz &/% f/Hz &/% Qo Qe
I 3.00 2.00 050 1.65 10.44 0.005 6.1x10°
I 3.00 200 053 1.85 1049 0.016 54x10°
M 3.08 2.00 047 2.26 10.36 0.018 4.2x10°
IV 294 201 053 1.93 0.96 0.045 2.3X10°
V 3.03 2.00 051 1.94 8.78 0.047 2.0X10°
VI 3.10 2.00 0.48 1.94 13.68 0.129 4.4x10°
W 1.01 2.00 0.51 1.98 6.10 0.012 5.6%X10°
W 3.00 2.00 0.50 1.94 10.44 0.003 9.2X10°
X 504 200 0.48 1.90 1343 0.014 6.5%X10 °
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Tab.3 The result of parameter identification with noise

R,=70 R,=50 R,=30
HEESE LINZoNIEN
R,=70 R,=50 R,=30 R,=70 R,=50 R,=30 R,=70 R,=50 R,=30
u/ % 3.00 3.00 2.97 3.02 3.00 3.03 3.00 2.98 3.00 3.06
fi/Hz 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
&/% 0.50 0.50 0.51 0.52 0.51 0.48 0.53 0.54 0.51 0.53
f,/Hz 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94
&/ % 10.45 10.46 10.34 10.58 10.46 10.53 10.52 10.37 10.40 10.73
Qo — 52X10°° 7.9X10° 2.4X10° 2.4X10° 1.2X10* 2.3X10 7 3.7X10 ° 3.4X10* 2.1X10*
Qi — 0.005 0.044 0.258 0.026 0.066 0.158 0.356 0.093 0.606




553

SO, A5 BT NSGA- 1T I ZEBLIRZS TMD S 1) [ S 508 5 75 0 5% 513

Xo

= L
K, k% oo |k k,
ml mZ m3
T — — —
I O) 0__% O (@) SO O__ %

7 S HAMESH-TMD G RS
Fig. 7 3-DOFs structure-"TMD coupling system

R4 BEHURRETMD GBS RENESSH

Tab.4 Modal parameters of the structure and structure

with TMD
4EH-TMD 84
JREE S S % " ,
BB S S5 24
Fir A B
/H y Y /H y
" f/Hz &% ikt kg Ei % f/Hz &%
1 0.87 4.60
1 0.94 0.59 100 0.71:1:0.71
2 1.00 4.57
2 1.74 1.10 100 —1:0:1 3 1.74 1.10
3 2.27 1.43 100 —0.71:1: —0.71 4 2.28 1.53
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Fig. 8 Structural response and its PSD under different initial

conditions
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Tab.5 Parameter identification results of working

condition (1)~ (4)

zg BLINOYIEN I 5 ?ﬂﬁﬁ%ﬁ“ ;

Z M) TH(2) TH(3) TH(4)
u/'% 2.00 1.99 1.97 2.03 2.05
fi/Hz 0.94 0.94 0.95 0.94 0.94
&/ % 0.59 0.60 0.57 0.60 0.63
/f./Hz 0.92 0.92 0.93 0.92 0.91
¢/% 857 851 8.82 8.75 8.88
Q. —  4.2X107°21X10*3.7X10°° 3.1x10°*
Q. — 0.011 1.462 1.245 1.812
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Tab.6 Controlled modal parameters of the bridge and
parameters of TMD

o WREEMESN TMD %
L E 13 ) ) -
f/Hz &./% M./t fi/Hz &/%  uw/%
1 /\%/ N
[Z‘éi:% 102 030 890.62 101 6.09 1.00
2y 5
Tﬁiﬁ 154 030 97480 152 6.09  1.00
’;*;:gx% 316 030 96091 313  6.09 1.0

AL TFAE LR IR IR TMD 47 34 B R 254
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BL10 25 T e [R5 9 U T B 45 44 i 17 e HE 2
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Tab.7 Parameter identification results of different modal

orders
B IS 2RSS WA
LT it i
5 7 . T . T N
e S

u/% 100 100 1.00 1.01  1.00  1.02
fo/Hz 1.02 102 154 154 316  3.16
¢./% 030 030 030 031 030  0.33
f/Hz 1.01 1.01 152 152 313 3.3
¢&/% 6.09  6.09  6.09 627 6.09  6.33
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Fig. 10 Structural response and its power spectrum

under different modal orders
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Fig. 11 Parameter identification results of the first-order vertical bending mode of the bridge
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