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Fig.1 Mechanical model of vibration isolation system
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Fig.2 Mechanical characteristics of nonlinear elastic elements
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Fig.4 The influence of parameter Aon absolute transmissibility
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geometrically nonlinear damping vibration isolation

system

Fh1 1] 8 T A < it 5 98Dl R (L I, 6 T R A
B IR 22 48, JLAIR DX 4 0o 2 128 25 WA 0 38 ¥ 8 A 5 ) 1
FRPERRAR RS0, AR L "GN K, IR X 4 X% 14
WA [ IR BE— 20 1) 47 25 5 B 05 ) 278 8
TG 8 I W8 L DX DK/ 0 5 I 4 il 1 1 ) 96, 8 A 4
B 41 2% ¢ e AL X 1) 2 ) £ 328 38 1 A il I

FT PO AT R < it 5 98D W (L 8, T B R
B IR 22 G, JL AR DX 11 448 X £ 36 4 e {H 70 T PR A1, (H 2
I 7 3t — A0 25, L g A XA 4 ) A% 0 Rl A
JIE I e 5 Xk T B AR B IR 2R 4, AR DX 4 0 £ 18 5
WA ) Ao 2 il 2 R I, (L A8 s 8 ¥ 7 2 (] I ey
W DX 24 o A 3 AR QR B AN S o DRI, LA AR £k
PERH JE BE 08 T8 IE B 4k £ 58 76 22 il i 1 30 45 vh B AT
LAV 1% 2 328 3 RIS e ) g B A1 11 E



%6

3 FE&MRIRAESRSNKRE
3 RBEEERTERE

JUA] A 2 P 2 1 BHL JE B 4R 2R 40l 6 2 e
Bl 10 s, 2 28 ol B R K P BHL e i S | 5 10 2
B LA I R AR A 1) B ERE e AR R
e JKCF BB E &% ARGV SRR SR R ik
B AR BB AN - fhy R 90 0 O e A L
W BE | DN PR 22 2 7 5 AT b, EL B AT S 0 45 e
I SE AN AE A b T S i L A B O B
Zis 8, T N SNRE R I BE AL 5 o AR B TR B 24 A
e —A> 55 it B az 8l 75 1o AH [R) 84 1% 1 0 A A i
B ko Hor a ) Rk RS #7481 B2 €, K
F-BHJE A 4R AL LT AR LR PR JE C,, H sl 56 2 8 45 3
PFZ T EE 4 1 iR AL R L J1 F ), ok A A% 4%
SRR I3 R A TR AR R A0 R A A 5 B 6 R0 Y
KEHILFR.

| IERE; 2K PR B R 3- S
SRR R RS, S-S R, 6 LG
T-FRER; 8- /KRB 2%; 9-RE ML E o

B 10 JLAM AR 2 1 2 v BHLJE B IR 3% e il 2

Fig.10 The test device of geometrically nonlinear viscous

damping vibration isolation system test device

f PR S T & 11 B R R 2 AR 1) A
14 T i R A A o G P L 1 T D B R
RO W BE B TH 3 5 v 2 I SCik [ 20, 15 B0 W1 K,
AT
K,=K,,+K,,Z* (18)
Ho K, K 70 50 DR 5 B0 R I B2 2R
P10 Hp 2 3005 %) £ P S K, R 0 v
W EE 7 5 BRI 2 K, [ SR (AL 2 P I EE , f ot v] 75
K.=K, + K,
K,=K,
K FH 2B ) W R 4R 2 80 & AT IR B 5 1
BHEASET  f K HE ST 100 kN, IE 52 45078
il 4 0.1~160 Hz, 2463 5 22 B W 12 i .

(19)

XUV G, 25 o JLAR] AF 28 2 Pk BHLE B IR 28 G5 04 15 3k 2R A 1195
wit ¥y
s \ R
| i a
2R|
2R,

(a) SEHIZE AR
(a) Structural composition

BT w5 s oo i

Fig.11 The magnetic spring element

(b) R~t&%

(b) Dimension parameter

B 12 R B2

Fig.12 The installation diagram of test device

3.2 IRHBRBEERSH

LABE 5 1R B AR & 58 B BE AT T AR Bk
B, 6 1R O 0.6~24 Hz, J % [0] [f 24 0.6 Hz, 4k
LMERIRAESEILEL 1, 20k RGE LR
Ci (&) JUAT AR Lt B R BLE C, () F0 3 b R 6
B (o) By R/ K 5 45 R 5 B T80 He o3 A A
F 13K o

®1 FEUERIRRESH

Tab.1 Non-linear vibration isolation system parame-

ters
ZH HE ZH ol
K,/(Nem ) 1.28x 10 m/kg 9.0
K,/(Nemm ') 1.63Xx10° w, 37.70
F,/N 33.93 w, 134.64
D/mm 140 A 0.10

Y & 13m0, ik sl il 5 3 58 il 2k LA A
TP — oM e RIR 22N 5.43% 0 XFH R 13(a,b)
(1432 56 il £ T 2 Y & 84 in #1) 0.05, 3k 34 i 5
0.06 B, 7 Gt 4 X % 388 ZR WA T B 1 R[] v B2 5 38 m
S FBURMIRIRYE RS 22 s 1IN REMRR A K
U R PR PR BE . R 13 (o) AT A BE 25 U
(B3N, AS AL RS T 4R X A% 3o S (i FL O UE
TR X R BRI RE L BB SIS TR O R AR
T AR,



1196 B oo w5 & W

43 %

60
. BT =0.04
40 « RIGLEH=0.04
- BT =0.05
. 20+ . RIHEREG=0.05
Lo 0
(=)
N 20 p=0.25
7=0.10
—40 | =020
#=0.002
,60 1 1 1 1

0 08 1.6 24 32 40

(a) SHE AR BRI 50 480 ok 2 0 LL ]
(a) Comparison of theoretical and experimental absolute
transmissibility with change of parameter &,

60
FR 5 7=0.002
401 * RIS 0,002
20 - HB 5 #=0.060
& ° R4 Hr=0.060
(]
(=]
N 20
£=0.04
—40 | 4=0.10

5=0.20
0 08 16 24 32 40

(b) ZHn LA BRIE 55 56 R 20 4% 38 %2 0t L
(b) Comparison of theoretical and experimental absolute
transmissibility with change of parameter 7

40

3 R THE5=0.30
i * RIS 45 R b=0.30
Lo BT B=0.50
oo RIRAE R b=0.50

201gT,

(c) WUBH IR ELOAR AL I 18 550 O 48 X 1 22 0] EE ]
(c) Comparison of theoretical and experimental absolute
transmissibility with change of the excitation amplitude b

K13 B 25 R 5 BE T30 iy
Fig.13 The comparative analysis of experimental results

and theoretical calculations
)
A\
4 2

1) B0 2 5 e 2 BHLJE BE 8 A7 2509 A% 2045 1
Hik 2 G0 SR X 00 15 3 SR 04 L (L X B8 45 1 PR R R 4
SR DA% 138 AR A R 0 /0N T EL 23 1 BN AR E 1Y
PR B BRI T R 3l B S X 4 0 % 1 R
T v A e A A AR 2

2) LA AR e 1 B e A AUA S AIR 1 4k B
R P B AR AR 48 LR X0 1% 328 R L, T HL RE A O =
W S DX R AF B R S PR RE L Nk LA AR et B JE B
AEEBIMAE

3) ZR G T AL A 1 BOUF A BELE PR
B AR 28 40 LR DX A5 3 A U R 00 O, B RS 1k P R R 4
FEYR X A% 128 R W (E ik — 25 170 A 25 il LR DX B 4R 4
AEAZ 22 , i X B R 1k RE PR A2

4) BN A GE R R A, JUAT AR 2 P BE e BORE
B % 2% 2 1) SR X AIAIR 3 B v DX B I 12 e 1 75 3
AR 5 R PR R AR G IR XA R AR I, HL
o 0 DX A BB R M AR R AN AR o R, LA AR £ R R E
il B 9% 2R G836 ) T T O 52 2% 2 B4R B 3R BT, A7 3L
$Em T ARG MRS PERE .

5) SR 2 18— UE W] T LA AR 2k
JE BB A RCHGE B ik 2 48 2L AR XM g M0 X ) B U 1
AE , PRI B i 4 BEL e g B o7 3% 22 1k A4 8 R B Uk &R ¢
HAT B2 ot 58 o (-5 ) R B R T

Z % X H

(1] XVPHBE, 200, fa) 3tk . A R R IR R e ny AR et 3

SEREPELT]. A 1% ,2015,19(11) : 1385-1392.
LIU Yuanbuo, LI Ming, HE Lin. Nonlinear dynamics
of the marine air-bag vibration isolation system[J]. Jour-
nal of Ship Mechanics, 2015, 19(11) : 1385-1392. (in
Chinese)

(2] EMG, BB, kB, 5 W E RO R B R0 bt b

PERE F 5% [J). & 3 . ik 5 2 Wi, 2020, 40 (5) -
963-968.
WANG Peng, YAN Ming, ZHANG Chunhui, et al.
Shock resistance of vibration isolation system with hy-
draulic displacement [J]. Journal of Vibration, Mea-
surement & Diagnosis, 2020,40(5): 963-968. (in Chi-
nese)

[3] BRENNAN M J, KOVACIC I, CARRELLA A, et
al. On the jump-up and jump-down frequencies of the
duffing oscillator [J]. Journal of Sound and Vibration,
2008, 318: 1250-1261.

[4] 5k/NJB, R WK . Duffing 78 B% 4 119 71 1% 36 2 K 9k B 21
GG BT ). R sh 5 i, 2012, 31(16) : 38-42
ZHANG Xiaolong, DONG Yabin. Theoretical analysis
on force transmissibility and jump phenomena of Duff-
ing spring type vibration isolator [J]. Journal of Vibra-
tion and Shock, 2012,31(16): 38-42. (in Chinese)

[5] KOVACIC I, BRENNAN M J, WATERS T P. A
study of a nonlinear vibration isolator with a quasi-zero
stiffness characteristic[J]. Journal of Sound and
Vibration, 2008, 315: 700-711.

[6] LIU Chaoran, YU Kaiping. Accurate modeling and
analysis of a typical nonlinear vibration isolator with
quasizero stiffness[J]. Nonlinear Dyn, 2020, 100:
2141-2165.

[7] LAN C C, YANG S A, WU Y K. Design and



XU, 45 LT L Ak i 1 B B A 28 98 10 £ 1 R R A

1197

[8]

[9]

[10]

[11]

[12]

[14]

[15]

experiment of a compact quasi—zero-stiffness isolator
capable of a wide range of loads [J]. Journal of Sound
and Vibration, 2014, 333(20): 4843-4858.
SUN X, JING X. A nonlinear vibration isolator
achieving high-static-low-dynamic stiffness and tunable
anti-resonance frequency band [J]. Mechanical Systems
and Signal Processing, 2016, 80: 166-188.

SUN X, JING X. Multi-direction vibration isolation
with quasizero stiffness by employing geometrical non-
linearity [J]. Mechanical Systems and Signal Process-
ing, 2015 (62/63): 149-163.
RHAR MG, A ¥ AR T LS B 4R 4 1 )
B K B 4 M B BF 5% (1], TR J1 2%, 2020, 37 (12) -
220-227.

YU Muchun, ZHAO Peng, NIU Zhiling, et al. The
mechanical modeal and vibration isolation properties of
colloidal dampers [J]. Engineering Mechanics, 2020,
37(12): 220-227. (in Chinese)

RAMS A HE AR BRTT . B K R BURL A9 TR AR AL BRI 5T
(1] 4% 8h 5 whik ,2019,38(5) : 128-134.

ZHAO Peng, YU Muchun, CHEN Qian. Energy ab-
sorption mechanism of hydrophobic silica gel particles
[J]. Journal of Vibration and Shock, 2019,38(5): 128~
134. (in Chinese)

SHARMA A, PATIDAR V, PUROHIT G. Effects
on the bifurcation and chaosin forced Duffing oscillator
Communications in

2012,

due to nonlinear damping[J].
Nonlinear Science and Numerical Simulation,
17 2254-2269.

HO C, LANG Z, BILLINGS S. A frequency domain
analysis of the e ff ects of nonlinear damping on the
Duffing equation[J]. Mechanical Systems and Signal
Processing, 2014, 45(1): 49-67.

XIAO Z L., JING X J, CHENG L. The transmissibility
of wvibration isolators with cubic nonlinear damping
under both force and base excitations [J]. Journal of
Sound and Vibration, 2013,332(5): 1335-1354.
MOFIDIAN S M M, BARDAWEEL H. Displace-

[17]

[19]

[20]

ment transmissibility evaluation of vibration isolation
system employing nonlinear-damping and nonlinear-
stiffness elements[ J|. Journal of Vibration and Control,
2017,24(18): 4247-4259.

PENG Z K, MENG G, LANG Z Q, et al. Study of
the effects of cubicnonlinear damping on vibration
Method[J].
International Journal of Non-Linear Mechanics, 2012,
47(10): 1073-1080.

TANG B, BRENNAN M J. A comparison of two

isolations  using Harmonic Balance

nonlinear damping mechanisms in a vibration isolator
[J]. Journal of Sound and Vibration, 2013, 332(3) :
510-520.

LAALEJ H, LANG Z, DALEY S, et al. Application
of non-linear damping to vibration isolation: an
experimental study[J]. Nonlinear Dynamics, 2012, 69:
409-421.

EI L AGRE R, A Sy U S R R Y o R
JE B IR A 8y s e e e A [T ] PR 3 TR 2 4, 2016,
29(2):305-313.

WANG Yong, LI Shunming, CHENG Chun, et al.
Dynamic analysis of a quasi-zero-stiffness vibration isola-
tor with cubic velocity feedback control [J]. Journal of
Vibration Engineering, 2016, 29(2) :305-313. (in Chi-
nese)

ZHENG Y S, ZHANG X, LUO Y J, et al. Design and
experiment of a high-static-low-dynamic stiffness
isolator using a negative stiffness magnetic spring [J].

Journal of Sound and Vibration, 2015,360:31-52.

E—EEB X, 5, 199246 1
Ao WA FEWRSE T 1 O R A A
my b By SRS . B kR R
7 B8 4 28 48 1) ot e 1 43 0T ) (KR 80 5
i )20 19 4E 58 38 4550 21 1) i 3L,
E-mail:liu_hc_9206@163.com



