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Nonlinear vibration characteristics of a vertical passive zero stiffness isolator
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ABSTRACT

This paper presents nonlinear vibration characteristics of a vertical passive zero stiffness isolator. The passive
isolator can achieve zero stiffness through buckling of notched flexure caused by a compressive force. First, a
simulation model of the isolator was built based on elastic beam theory. As increasing the compression force, time
and frequency responses of the isolator were simulated. In addition, further nonlinear vibration characteristics were
investigated through a bifurcation diagram and a Poincare's map, which shows that even chaostic vibration could
happen. The simulations show that as the compressive force increases, the stiffness goes close to zero and the
nonlinear characteristic becomes stronger to have a great effect on the isolation performance.
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Fig. 4 Schematic of the vertical isolator
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Fig. 5 The block diagram of the simulation model
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Table 1. Simulation parameters
Parameters Values

External force (A) 0.01~0.05 sin(w)N
Flexure width (b) 0.0185m
Damping coefficient (C) 3.5 kg/s
Young’s modulus (E) 2:10" N/m?
Flexure thickness (h) 310%m
Horizontal coil spring(k.) 1-10° N/m
Vertical coil spring (ks) 12250 N/m
The notched part of the flexure (L,) | 1.25-102m
Thick part of the flexure(Ly) 7.6:10%m
Mass (m) 23.54 kg
Total number of flexure (n) 8
Number of flexure in one side (s) 4
Excitation frequency (w) 0~25Hz
Initial deformation of the horizontal | 5-10° ~6.6:10° m
coil spring (xo)
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the horizontal spring

T AxE o] 27|W$(x)7F 0.0062 m
ol A@eA 0.06 N 9 Ady Qe FaFE
1000 %= %<F 0 HzollA 2.5 Hz7WA Z7F 9 7¢
2A7IHA FIE SHES Y 2 SES
50 7§ Fro® y i 7F ke HE o] Huzk
< Fig. 10 o YJehde}t. Fa71 S7F 9 4
s o 1 Y Aol dAsH EEtA = dF
Al HdgAde EAS A S 3t} [11].

= 1

5 X 10
oo o Increasing frequency
4L o % Decreasing frequency ||
e o]
E
T 3 8
=
E o
2 -
ox @
1 (934
QQX X
><X
0 1 i R e P b e e e e e e
0 0.3 | 1.5 2

Frequency(Hz)

Fig. 10 Frequency responses with increasing and
decreasing frequencies of the external force

4 B|ME FNE =4

=
S

i

o
41 70
g s e g9 FH AFE A
stol AF 54 WEHE vkl o] 2r)aEold
WA Aol Feld Low Wetes 4 Uy
A=) 27) W9 (%) F 0.00624 m = A4

1264

i, 0.5 rad/s © A&3} 942 2715 0~0.01N
7hA] WA ZI| A 1000 & FoF 59| A3 st
2] FAES Fig. 11 o Jehygdet 29

g AIZEE Eol7] S8l 2 AFE 10 kgls
S7HAF I HolHo] ks AlAB] flElA
AAZE] 10%Q 100 23+ 298 A AT
el wE §Ho] FHe] s A B
717y 999 R HAEds

Qg o] A7|7F F7bEre ot dol 2
olifol Hi= w77 wAsith &, 9ol F7]
ol9lef T & F7|7F FAZ FA F7] 2E0]
LAstE dolrh 918 el A7)7F gS Srbetd
71782 ME7 Fks] WolA = 7oA HAfo
Agteh 344 F7] Folu gtes dite]
shd ZFo] EfFEA R AR R o
o] o a A7 FHo] AA HolR},

N R >

—_

-

—_

AN oz 1T Mo

2:!(10
g |-
g1
L
=]
S
= 0r
&
=
g
Bl
=)
_2 1 1 I 1
0 0.002 0004 0006 0008 0.01
External force, A(N)
(a) Upper displacement
2)(10

Lower displacement(m)
=

0.004 0006 0008 0.0l

External force, A(N)

(b) Lower displacement
Fig. 11 Bifurcation diagram of the vertical isolator

%0 0.002



4.2  Poincare’s map
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Fig. 12 Poincare’s map of a chaostic vibration of the
vertical isolator
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