N HHZ A ] 552 Applied Mathematics and Mechanics
457 202447 H Vol.45,No.7,Jul. 2024

© 3 FHECF R 2 45 25 £ 1SSN 1000-0887 http ; //www.applmathmech.cn
Bk [ BEREFFREIEEEHIIN N FHFERR
ATHE, KERK, xR, REE, KEH
(P2 BUT R WU % s TARREBE, P4 710048)

WE. SRR E 7 ARG AERLE B IR AR R G b MR T 2R MERRLE 05 IR BRI T s,
P TR 1AM AR M RE R PR T R RGE RSN 125, R RS T i 2 oR it 2R G 7 TS T % s A3
;R R FH I SR P (B IR AR S, & M IR H9T T RGBT e AEZRMERRUE |l 2 1k W B2 0 B 488 B4~ S0kt
YRR B 74 52 . S 3 A N B R Sl 8 L B30 1 348 R 2 {0 1 50080/ N 18 R, AN [0 12 | i 38 s 0 i )3
LB AT b7 ) SR A T AR MR A AR B R A T U LG ARZRPEBE R AR AN 3 B S E0M v
AT N R GRS R B 7R B IEAE R 0.005 m I, 1505 EL AR R I A AL R RO R e . M & =
0.1 B, RG RS54 (5 B WE(E T e/ IMEZI°H 0.01 m; TAESE e = 0.001 B, 28 4R B v BBl P e RAB 24928 0.061 m;
ST LB R AR 0.1 I, AR Lk B AR e NI «,, BOBUE TG B A8 R AR BRI T, RSBk R {45
HASTRIRE BE B3 . AR BESE AT ik 3h R SR BT 4R (S,

X O RBCOPAIE;  JRZREE; USRS IR

RESES. 0322; TP113 XERARERD: A DOI: 10.21656/1000-0887.440350

Research on Dynamic Characteristics of Serial-Parallel- [l
Inerter Nonlinear Energy Sink

WU Ziying, ZHU Rongxian, JANG Donggui, CHAO Guogiang, ZHANG Yuxuan
(School of Mechanical and Precision Instrument Engineering

Xi” an Univercity of Technology , Xi’ an 710048, P.R.China,)

Abstract; A serial-parallel- Il inerter nonlinear energy sink was proposed through replacement of the linear re-
storing force and linear damping with the nonlinear restoring force and nonlinear damping in inertial vibration
reduction systems, in view of the effects of friction. The dynamic equation for the main system was established,
the amplitude-frequency response curves of the system under the base simple harmonic excitation were solved
with the harmonic balance method. The effects of the inertia ratio, nonlinear damping, nonlinear stiffness and
friction on the vibration damping performance of the system were studied with the arc length algorithm and the
numerical method. The results show that, with the increase of the nonlinear stiffness and nonlinear damping,
the peak value will first decrease and then increase. The difference is that the amplitude-frequency response
curve of the former gradually bends to the upper right direction, and the position of the peak value of the latter
shifts to the lower frequency band. The actions of 3 parameters of the inertial ratio, nonlinear damping and non-

linear stiffness, on the damping effects of the system were analyzed. The research indicates that, with an exci-
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tation amplitude of 0.005 m, the vibration reduction effect will be the best when the inertia ratio and damping
change simultaneously. For £ = 0.1, the minimum value of the peak displacement of the main structure of the
system will be about 0.01 m, while for & = 0.001, the maximum value within the overall value range will be ap-
proximately 0.061 m, and the amplitude damping ratio will be 97.1% and 82.1% , respectively. When the inertia
ratio reaches optimal value 0.1, the nonlinear damping range and nonlinear stiffness «,, will grow larger. Under
friction, the maximum amplitude of the system will have different degrees of increases. The research results

provide a reference for the study on structural vibration reduction.
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Table 1 ~ Simulation parameters of the serial-parallel- Il inerter NES system

symbol value
main structural mass m; /kg 33
inerter parameter b /kg 0.33
main structure damping ¢, /(N-s-m™") 1.4
linear stiffness &, /(N/m) 2814
linear coefficient of nonlinear damping ¢, /(N+s-m™") 5
nonlinear coefficient of nonlinear damping ¢, /(N+s*>m™) 5
linear coefficient of nonlinear stiffness k,, /(N/m) 4814
nonlinear coefficient of nonlinear stiffness ky, /(N/m?) 199 980
excitation amplitude A /m 0.005
natural frequency @, /(rad/s) 29.2
inertia ratio & 0.1

M S FIFIUS EE & = 0.1 B, Runge-Kutta 77 75 RSB -5 18 A7 ik b i 3w & A, b T 56
UEIB I -y R f  FRAL B IE AR, E— B R TR & = 1 RNARZR NI L &5, = 120 Bk 28 50 B4 I8 4% 0 17
£k Bk i o, 45 R E 6 FrR.
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Fig. 5 Comparison of amplitude-frequency response curves of the system (¢ = 0.1, A = 0.005 m)
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Table 2 Comparison of vibration reduction effects of 3 vibration reduction systems

value
system name
excitation amplitude T-NES SP-1-1 I-NES
A/m inertia ratio & =01 g = 0.1
mass ratio e, = 0.1 &, = 0.001 &, = 0.001
A; /m 0.021 9 0.033 0 0.025 2
0.002 5
R, /% 87.2 80.71 85.27
A; /m 0.230 1 0.066 0 0.038 8
0.005
R, /% 40.63 80.70 88.66
A; /m 0.574 6 0.132 1 0.056 6
0.001
R; /% 15.61 80.60 91.69
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Fig. 10 Amplitude-frequency response curve of the system with different stiffness ratio k,,(& = 1, A = 0.005 m)
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