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Abstract

In this paper, a new model of nonlinear energy sink (NES) coupled with dual-purpose isolator is
proposed, and its analytical solution and numerical solution are solved by harmonic balance-arc
extension method and fourth-order Runge-Kutta method verification analysis. By comparing the
amplitude-frequency response of the main system, it is proved that the coupled system has excel-
lent vibration-damping performance. The relationship between system displacement velocity and
flux density is studied, and the influence of system parameters on voltage and energy is analyzed.
The results show that the coupled system can achieve energy harvesting. Further comparison and
analysis of the energy dissipation performance of the new coupling system and the traditional NES
system, the results show that the coupled system has a higher energy dissipation rate.

Keywords

Nonlinear Energy Sink, Harmonic Balance, Electromagnetic Induction, Energy Harvesting

ETNESREIRS N CIfRiRkesEE
RE— T

TR, F A&

ML LR RS, Wi FHiEbe, 7 hFE
Email: hty125@126.com, 1358513240@qq.com

Weks HiA: 201945 H9H; S HEM: 20194F5H23H; &AM HM: 20194F5H30H

EF|FH: BERR, . FET NES RS X0 B4R 4 B R AR — LT ). J1%A0EAE, 2019, 8(2): 91-100.
DOI: 10.12677/ijm.2019.82011


http://www.hanspub.org/journal/ijm
https://doi.org/10.12677/ijm.2019.82011
https://doi.org/10.12677/ijm.2019.82011
http://www.hanspub.org

BRI 2B

HE

AR H —Fh AR £ Ak A B (NES) 5 XU FR iR S AR AR A RUSTREL,  3FA B SCT 4 - IR IESR AT BY
TeAs BEEHER H AT T TR S B E AR B IE . B LR RGEHIESES, EFIRRS RERANR
REBRIRVERE . FTRARANBEENMEFERR, HOVTRERASETREMERENRW, SRR
%ﬂﬁéﬁ%ﬁ@;?Tﬁ‘é%ﬂ%ﬁo XTHAE RANME—NESRA N RREFMEIER, SRRIBERAEFE
T I RE B FE R

KA
FELVERERIC, EECPE, RBERN, REXRE

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

PN ZAE TR, KL USRS TRAN F. RS sg, WIS, R
T 3l 10— b ) P R, S R e T DA TSR R R A R LR, U JELk
EHL(NES) R fE 640 383015 R GBI S0 IS T ALK HEE - NES 2R %G8 ok BB 28 . /NI b
= U B AR M B R . NES R4 eh (AR ME R BERT LU 3RS 330 R, JEUEBH B BSAT ke, &
TFRLAF I NES R0 5200 2 Ge0d e 1 (Rl 4R 70 T R0 EREfL 1] [2].

HEAER, — e T FRL L L T B R B0 B e SRR B ) Y2 IR P T T (K H D R iR 3] 4] [51
Wi Sr RS NSRRI T —RRIF 2:1 PYILIRI AR AY SR R Z[6]. Blokhina 25 A 16 T 75 fH BT BER T
HHR B A AR B IR AT N[ 7). Lefeuvre 26 AR T =AM T FE l7C R4 M iR (OB R BbL, IR
FEWUHFE BUR FUHLHEAT T LR[S ASSCRES T —F A BRIRES[9]5 NES ABRES OUdRFAk 2R g — 1k
TIHT RGeS T A K ST RV 50 % A ek 2R 408 0 IR AU SR, et Y s P 5 5
(ELAZE I CA B IE o BF 50 SERINSUR T A8 4 2R G000 v R A R TE L DI BL 77 NES 5 5 3500 A SRAE 1 B0,
GE LRI RGBT DU £ (R . R X HL TR RGURI A — NES %0, 4 REWHE R
G5 B i B R A
2. BN

] 1 H T T DR AT R AT B SR ) 0 T B 4 % 2 P[0, S B (K094 3 o [
RERKIRAZ S, E TR AN 41 B 24 P (A X X8 30 51 AR 8 v (A8 R A 3T, LA o Tl I SR B 7= A
KR, 5 AN AR E T DR ARSI RE s ARSI A SRR P 2(b) BT e S AR — s R T LA )
iy

mX, +(ca +cm)(ic1 —)'cz)+(kS +km,)(x1 —x2)+km3 (x, - X, )3 =0 )]
Forp x, F x, RORFBIR AR IAHXIAOLFE , my RIRIR &R, M e 20 B3R s 23 A ek L I 7= A kS PR BE e

AN Pl v 7= A R s SRS IS, ke BRI BRI IS RN R B ey A ey 2390 20215 [ 5E 1
BB R AL B HE R 77 I 2 A A 2 PRI R K

DOI: 10.12677/ijm.2019.82011 92 VAETIS


https://doi.org/10.12677/ijm.2019.82011
http://creativecommons.org/licenses/by/4.0/

R 2B

V0 A X,
®)

Figure 1. Dual-purpose vibration isolator schematic (a) and mechanical model diagram (b)
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Figure 2. System model
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Table 1. System parameters

=1 RGEEH

ZH HfH ZH (i
m 60 kg m 7 kg
() 10 Ns/m C 200 Ns/m
Ca 2.389 Ns/m Cm 0.051 Ns/m
ki 2.1346 x 10° N/m ks 3 x 10’ N/m’
ks 688.8 N/m K1 —70.22 N/m
Ko 1.368 x 10° N/m* A 0.0002 m

£ 30 Hz MIRIEEND FIERE | PORRSESEL WE 3R 72 Rcr ik, FiisR
AN AE S35 45 2N A 55 DU B e =) P B A B BB AR I 85 R EL L, 2o W 4l SRR WY i 5 5U(E
ff—BE A, W TR AUOTER TR B 3() i T A SR 4 ky = 5 % 10" N/m®, ¢, = 60 Ns/m
I, PRI I T - 9IRS P V2R DU B Bt e B 5k L 2 BT T AR G (O i 2 45 SR EE I, &4 SRR
fEMTIRAE 30 Hz POLRIUHEARGR AR IS LR, (HRA A S B A —BE S, FUGE 13T

FOTERIERTE. I 3 ATA, RGBS EIEIGE B B R0 R 58 AR e MR

0.012 T T : 0.04 . . : :
Harmonic balance and length extension —— Harmonic balance and length extension
=== Oded5 - 0ded5

. — 0.03| ™ / |
E o.008} E J
3 3 oo
E Z 002} X ]
S = i
£ 0.004} E. H
< < 0.01} !

0.000 L 0.00 M,

0 15 30 45 60 10 20 30 40 50 60
Frequency(Hz) Frequency(Hz)
(@) (b)

Figure 3. Numerical solution and analytical solution (a) and (b)
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Figure 4. The amplitude-frequency response curves with and without the NES-Vibration isolator system
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Figure 5. Displacement relationship (a) and velocity relationship (b)
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Table 2. Summation of sin function coefficients of fitted curve for the magnetic flux density, B
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Figure 6. Influence of system parameters on output voltage
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Figure 7. The percentage of input energy absorbed by the primary system (a), the percentage of energy absorbed by the
NES-dual-purpose isolator coupling system (b), the energy variation of the NES damping dissipation (c), and the percentage
of energy collected by the coupled system (d), when the NES damper ¢, varies
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Figure 8. The percentage of input energy absorbed by the primary system (a); the percentage of energy absorbed by the
NES-dual-purpose isolator coupling system (b); the energy variation of the NES damping dissipation (c); and the percentage
of energy collected by the coupled system (d); when the NES stiffness k, varies
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Figure 9. The percentage of input energy absorbed by the primary system (a); the percentage of energy absorbed by the
NES-dual-purpose isolator coupling system (b); the energy variation of the NES damping dissipation (c); and the percentage
of energy collected by the coupled system (d); when the NES damper m, varies
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Figure 10. Energy dissipation of NES coupling system with or without vibration isolator
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