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Abstract A novel quasi-zero stiffness vibration isolator is presented and tested in this article. The isola-
tor is mainly made of air spring and permanent magnet. The stiffness effect between them is mutually re-
strained to form a quasi-zero stiffness state. Firstly, the force-displacement relationship and the stiffness-
displacement relationship of the isolator is established to reveal the static characteristics. The influences
of isolator parameters on the system stiffness are also analyzed. Then, the dynamic transmissibility char-
acteristics are calculated by the harmonic balance method. The results shows that the proposed quasi-zero
stiffness isolator is superior to the normal air spring isolator over the isolation frequency range by regula-
ting the damping radio or excitation amplitude in a suitable range. Finally, the dynamic experiments is
employed to verify the vibration isolation performance. This research provides a new reference for small

amplitude or even micro-vibration isolation.

Key words quasi-zero stiffness, air spring, harmonic balance method, transmissibility

2022-10-10 YL EI45 1 f,2022-12-05 W 316 B .
* YT L3 S R A B S DR [ 58 TR S E O AR B BRI T H (20210201, RS A ARBR A R BB BT H (12102368) , 14 )|
B A RBLEIE 4T H (2022NSFSC1961) , National Engineering Laboratory for Digital Construction and Evaluation Technology of Urban Rail
Transit (2021JZ01), and the National Natural Science Foundation of China (12102368), Natural Science Foundation of Sichuan Province
(2022NSFSC1961).
t (5 E# E-mail: tangjic@ swjtu.edu.cn



28 g o= 5 fE Hl W 2023 4E5F 21 &
2= B 18] B4 B B Al 2R 0 ik B i W R, B AT T O
=1

WEZ W (Quasi Zero Stiffness, QZS) & 4i—
FRET 0 R 2 — b i g 1k E W R 45 AL I 1Bk £ I 4
BT A M R GE AR /N IE R B R aX
F 00 LA v i LG 2l I AR R O R R
SEREE R AL AR B 20 Hh A AR B R [ A T LA
HARTASORY IS i IS ULE A P N[ R
TR 7 23k 204 Z R EE R 4. Shahrae-
eni S IR AWFGE T BHJE JE 4 M) o 2 W1 B AR
Bl 2 TR RE (52 0. Zuo 255 3 ad i AR 7 4 il i
iR, BT T — Rl B A R A — VR R NI
B 4l 4 A I R = AR T B T 2 A R
WO 2 A5 P ) S AR B i 4% 7E 25 S SRR Tz
7T 52 52 S B I 0 T — R B X
) 8 e ORI AR TR T — o AL Y R R
LR RRR A L FE AR X By B R 1 B AR s R X
MR R HT T LA AR 2R 1 JEE 45 BH S B IR
ARG J1 24T R AR 4 R WL Al A AR
P30T DUAE DR A5 o IR 2 s ORI R4 T L B 3%
REAIR R e He PR . Palomares S $& ) T —Fp 3 1
MAE S HEAE S #  AURE R G, 5 Al H
WIEE R 48 1 1k 3h 3R 58 AH Lh . B PR A0SR B 3 42 .
Zeng FEAT T — PR MEF R ER EIFGIAT
LIRS Lo, L2 B E RO R (B o BB A 4 14 By
PRCR T A T — o B R 267 e B R R S
S HA, % BELJE B IR i 7 AR 5 B IR 1Y) R i 1) R v 4 3
THARGE . Lia 08T —Fhogr B F N EE bR
P2 8 0 Je oth 2 20 6 PR AL 4 NI B, TR R A R L
T O 2 A 24 S I 0 2R W R R, OF Hoioe i
Al 7E B P 1) [) B SCRE Wi 4 Pk 3h 7 A 1 BB i Sun
IR T — Rl 0 285 TR 25 R R Y B R
a2k E R I A SRS AR S e R
AT BI04 B 4R M BB Dong 25550 gt I R 7
B R 2 P R A O B A B — B i — K8
WO 2 A P ) B I 4 12 2 T B 8 R A1 Bl A1 25
(14 sh W BE S AR B 41 1 B 3% 48 7. Zha S0 0
T 2 T 1) 1 o N RE B R A . A R ARG T
B YRR A WA R X B 4R X 42 5 Bl R

AR S A3 SR B RO R T s IR R PR S5 A
AH I 5, A e — oo 280 0% P — 25 RO 3 A ek B
PRAF 12256 BT LA 3 2 8 4 s S8R 1Y) <R Bk

Pk Al L& 45 B0 A 8] 1 T80 AR SO 22 i
W < S S R GU R ) SRR A B B IR A I
PR 238 20 IR 20T 0T 55 2 JO0 W2 R P8 14 52 i)
RE RS MYACE A R D i R O N d
VR A 22 58 8l 1 A A 3 AL L I 20 A 45 02 H0x)
F G b PR SR B 52 i R e ol e S 58 o A %o
PR ST 48 1 0 A AR i 15 1 G 2 i o IR A 1
B 4R P RE . 52 56 5 B IE 4 R AR S ] L AR SO R Y
HL T — 2 A R AR 2 R U A L T AR S R
PR R I i H A S B PR IR AR

1 EBAZESW

L1 ZSHERLER

FL G — 2 U i B AR 2 PR B R AR BT 1
JIe 7R 2 B AT T 23 SO A W RE AT 42 1 K
Bt 3 5 R v D L s R R O
ERRZ 18] P P AR L0 5 BB AR G 2 RS O
l] b O 1E. 28 A T O 8 K WG BR RER
(1) R R AT L O 5 RE BRGSO C, L A R

X

Ca) FTHTPAETCT L T0 LTI 43 500 4R =4 3 58 32 A [R) 19 K %)
(a)Sectional view (I.II and [l represent three permanent magnets

with the same magnetic field strength, respectively)

(b) LTAR ; 2.3 4T : 3.3 25 s 4. K RESR 5 5. 4152 5 6. K AR 5
7. ;8. 43 B 9. LA Bl R
(b)1.Top plate;2.Connecting rod;3.Cover;4.Permanent magnet;5.Shell;
6.Bottom plate; 7. Alignment axis;8.Air spring;9.Linear bearing
PTG — s RO R e R B R 5 45 1 &

Fig.1 Diagram of electromagnetic-air spring nonlinear isolator
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