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Abstract: In the process of erecting fabricated steel truss bridge, the tuned mass dampers (TMD) vibration con-
trol will encounter the problem of structural layout limitation. In this study, multiple tuned mass dampers (MT-
MD) was used to reduce the vibration of the time—varying system. The finite element model of the axially moving
nested cantilever beam was established by ANSYS software. The dynamic equations of an axially moving nested
cantilever with an additional MTMD were established by using the dynamic theory. The numerical results agreed
well with the FEM results, and the controlled modes of the structure were obtained. The parameters of the MTMD
system were designed according to the controlled mode. The controlled reduction effect of different number of
TMD was explored. Through the analysis of the robustness of MTMD with different pushing velocity of the guide
beam, it finds that the vibration reduction effect of three TMD is obvious and enlarging the frequency interval of
MTMD properly can reduce the bad influence of the pushing velocity on the vibration reduction effect.
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Fig.1 Axial motion nest cantilever beam working state
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Tab.1 Free vibration characteristics and vertical vibration mode contribution of the first 10 modes of the axial motion
nest cantilever beam

Mode Frequency/Hz Modal mass Vibration contribution/% Vibration feature
1 0.724 11 5.460 98 15.70 First order vertical bend
2 0.964 43 0.404 609x10 0.01 First order transverse bend
3 1.650 2 0.106 809x10 0 Partial transverse bend + twist
4 1.814 5 2.985 71 8.60 Second order vertical bend
5 2.693 8 0.846 672x10 2.94 Second order transverse bend + twist
6 29853 14.950 4 42.90 Third order vertical bend
7 3.496 2 0.511 909x10 0.02 Cross bending + twisting
8 41953 0.480 885x10™ 0.00 Partial transverse bend + twist
9 5.806 5 0.107 710x10 0.37 Third order transverse bend
10 6.526 2 0.538 439x10° 0.02 Cross bending + twisting
(a) No.1 mode of vibration (b) No.2 mode of vibration (¢) No.3 mode of vibration
(d) No.4 mode of vibration (e) No.5 mode of vibration (f) No.6 mode of vibration

B2 HMEEHRESER 6 MIREE

Fig.2 The first 6 modes figure of the axial motion nest cantilever beam
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Tab.2 Parameter setting of genetic algorithm

Optimized object ~ Variable number  Individuals number

Crossover rate

Mutation rate  Maximum hereditary algebra

1 TMD 2 20 0.9 0.1 100
3 TMDs 6 60 0.9 0.1 200
5 TMDs 10 100 0.9 0.1 300
&3 MIMD RASH (REL 1%)
Tab.3 Optimum parameters of MTMD (mass ratio 1% )
Number of TMD 1 3 5
Optimal frequency 7.084 2 6.872 8,7.001 1,7.113 1 6.775 6,6.847 7,6.957 9,7.142 5,7.274 3
Optimal damping ratio 0.097 5 0.048 6,0.052 4,0.033 7 0.057 4,0.045 8,0.038 1,0.042 8,0.037 8
Peak acceleration 0.170 8 0.160 3 0.156 8
SR ETHASGDRA R 2T e e
AR RTS8, 3 3 ﬁlJtH T2 AERRE

N 1% MTMD et 280, MTMD 1 e A1 5

RGP A A PN 15 A L A 3 R 2 1R
ik
42 REIRMR S

22 1 6 000 A5 i o 3 JEE ) 7 0 B #F MTMID

HH BN R AR, 2R W13 24 3G MTMD 9% H 7]
DA HOs IR SOR . B 6 4 T HE R AR
TR i 8 o0 S R ) 7 R R Y £k 4% TR, T AR
BRI MTMD FRGe 2 5, Ak s 149 0 32 82 0 (7 R0 & 4K
R ZKF-#RAS B T 3 AR, JUHOR MTMD %2 H ik
S 5 ANHF, A5 s A4 o e iy 0 R R ) T R AR IR
BT 15%,

0.5
0.4F
0.3
o 0.2r
E o1f
£ o7
E-0.1f
< L Without TMD
g -02 With 1 TMD
<03 With 3 TMDs
i With 5 TMDs
0.4
_0.5 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
Time/s
B 6 Zum o & N A i A2 i 2k K E

Fig.6 Envelope diagram for time-history curve of
acceleration response at beam end
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Fig.7 Peak value diagram of acceleration response at beam end after enlarging MTMD frequency interval
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