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Fig.1 Water delivery system of seawater pump with isolator
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Tab.1 Structural parameters of the unit cell mm
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Fig. 4 Finite element model of the quasi-zero stiffness unit cell
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Fig. 18 Frequency-domain response curves of the water inlet

WARAS Vibration exciter

T AL IR 17
Accelerometer sensor 1
NI EEECIR A M B RS &
Quasi-zero stiffness ring
meta-structure isolator

T 1 A s 2
Accelerometer sensor 2"
#1148 Suspension rope
+411 Clamp
LICEPIS S
Data acquisition card
{55 K45 Signal generator

B4 Power amplifier
5 HL Computer

19 FRIRSBFHNZFNRESE

Fig. 19 Dynamic testing system of the isolator

]Ol L
— 5 Test

- - /i ¥ Simulation

10°

107"}

1£3%% Transmissibility/dB

107

= Frequency/Hz
BEl20 fni G A 2

Fig. 20 Transmissibility curves of the acceleration

s

4 Ly

A g K e R IR s o FL AR B0 T — e
W 2 DR A 5 4 % I 45 , e o PO S (L A
IR, A2 AR LS

1) X6 L BRI — 2 o 235 4 0 B 3R 8 4 0K 52 0 -2
o W B2 - 57 7% i £, — 2 o 445 g o4 5 ) 1 1T L 2
R, LAV 5 B B M EE T /N o 53 81, B iR 1) K1

JEAAL /N

2) 454 BT RLA5 A BRICF BB A —
YR 2 K 1 A 2 1 A% 3 Rt 4 B A R R AL
W) Er BE AL

3) R I K IR S I e sh B | 45 A T AR A, 4y
B & B, B i # XoF TR 7K 52 K 18 Y )5 1) A Z 7 6] )
B % 43 531 h 29. 88% 8. T3% 3 W ifF /K HEHEK I AE Y
D7 1) . Z J7 1] 0 B AR 2 53 531 4 20. 029% . 8. 82% , X Bt
PR B B A RS R

4) IR F B, B PR A5 S I A58 R i 26 5 0y FL A5 2R
A RIEA B, HAFTEZ AR

2 % Lk (References)

(1] Aemifn, R/, MG W55 . KR RUAT SR IRE S B M B AR 5
JELI]. T 7R . 2022,41(6) :40-42.
HUA Lixian, WU Yingyou, ZHOU Futao, et al. Research on noise
reduction technology of underwater vehicle propeller [J].
Guangdong Shipbuilding,2022,41(6) :40-42. (In Chinese)

(2] FREAE, R, BT A KN AT A4 0 I o e 75 1 5 3
[J]. ARARRL2A AR ,2023,45(9) 1 1-8.
SU Changwei, LIANG Ran, WANG Xueren, et al. Research
progress of line spectrum vibration and noise of underwater vehicle
[J]. Ship Science and Technology,2023,45(9) :1-8. (In Chinese)

[3] ABBASI A,KHADEM S E,BAB S, et al. Vibration control of a
rotor supported by journal bearings and an asymmetric high-static
low-dynamic stiffness suspension[J]. Nonlinear Dynamics, 2016,
85(1):525-545.

(4]  HPLAE Woabuk, {7 4R, %5 . 2T ISFD W sl i T R 5N
SRS (1], HLH TR, 2023,40(11) :1768-1775.
LU Kaihua, GENG Binbin, HE Lidong, et al. Unbalanced vibration
suppression of sliding bearing rotor system with integral squeeze
film damper[]]. Journal of Mechanical & Electrical Engineering,
2023,40(11):1768-1775. (In Chinese)

[5] LIJ,HUANG JF,HAN S C,etal. Anovel active recess compensa-

tion aerostatic thrust bearing with hermetic squeeze film damper:



196 IR S S 3 2025 4F:
theoretical and experimental investigation[J]. Mechanical Systems programable quasi-zero-stiffness metastructures for low-frequency
and Signal Processing,2025,224:112207. vibration isolation [J]. International Journal of Mechanical Sci-
[6] YAN W, WU B W, PAN J B, et al. Design and evaluation of ences,2024,280:109557.

integral damping bearing for vibration suppression in multi-disk [14] THARR, XD R &M B3 S 800 — IR Ak i 2 I B 41 25

rotor systems[J]. Machines,2024,12(12):883. phii b s vhae sz (I, B B R K22 3, 2024, 46 (4)
(71 XUBIRD, SR, A2, 55 —Fh T T A% KBS SO IR alih 159-168.

HH LT, RAS TR, 2024,44(1) 1 168-179. DING Bosen, LIU Haiping, ZHU Dongmei. Influences of design

LIU Mingli, ZHANG Huiren, XIA Yingpei, et al. A new method parameters on shock isolation performance of integrated quasi-zero

for vibration control of large vertical pumps in nuclear power plant stiffness isolator [J]. Journal of National University of Defense

[J]. Nuclear Science and Engineering, 2024,44 (1) : 168-179. (In Technology,2024,46(4) :159-168. (In Chinese)

Chinese) [15] HOU S,WEIJ Z,SUI G D, et al. Effects of series sequence on the
[8] SUZ W,ZHENG Z W,HUANG X C,et al. Research on dynamic nonlinear dynamic responses of integrated quasi-zero stiffness isola-

vibration absorber with negative stiffness for controlling tors[ J]. Nonlinear Dynamics,2025,113(11):12661-12691.

longitudinal vibration of propulsion shafting system [J]. Ocean [16] LIUHP,ZHOU S K,WANG Y et al. Effects of section configura-

Engineering,2022,264:112375. tions on the dynamic responses of an integrated quasi-zero isolator
[9] DOUJ X,YAO HL,CAO Y B, et al. Permanent magnet based [J]. Thin-Walled Structures,2024,197:111617.

nonlinear energy sink for torsional vibration suppression of rotor [17] YANGY H,SUN Q D,XU S F,et al. Design,analysis, and testing

systems[J]. International Journal of Non-Linear Mechanics, 2023, of a metamaterial vibration isolator for hydrophone equipped on

149:104321. autonomous underwater vehicles [J]. Polish Maritime Research,
[10] GUOHL,CAO ZW,YANG T Z,et al. A variable-thickness-arch 2025,32(1):121-128.

based nonlinear vibration absorber for rotor-bearing systems [1]. [18] LIN Q D, ZHOU J X, QUQA S, et al. Harnessing quasiperiodic

Mechanical Systems and Signal Processing,2025,224:111979. pattern to widen the low-frequency band gap of quasi-zero-stiffness
[11] ZHANG S,DING L Z,WU X W, et al. Broadband vibration reduc- metamaterials[ J]. Thin-Walled Structures,2025,214:113393.

tion of cylindrical shell structures with circumferential taper scatters [19] SHU Y Q, WANG K, CHEN T T, et al. A quasi-zero-stiffness

[J]. Journal of Sound and Vibration,2025,599:118853. metastructure for concurrent low-frequency vibration attenuation
[12] DALELA S, PRASAD P, BALAJI P S, et al. A novel bottom and energy harvesting [J]. Thin-Walled Structures, 2025, 214:

reinforced cosine beam based metastructure with quasi zero stiff- 113371.

ness characteristics for vibration isolation applications [J]. [20] LIU X, CHEN S, WANG B, et al. A compact quasi-zero-stiffness

Structures, 2024 ,67:106950. mechanical metamaterial based on truncated conical shells [J].
[13] XU Y Q, DONG H W, WANG Y S. Topology optimization of International Journal of Mechanical Sciences,2024,277:109390.

Mechanical design and test of a broadband ring meta-structure isolator for
seawater pump

LIU Haiping"> WANG Zhe' ZHOU Shikun' ZHENG Lifang'
(1. School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2. Shunde Innovation School, University of Science and Technology Beijing, Foshan 528399, China)

Abstract: Addressing the rotational vibration issues encountered during the operation of seawater pumps, and integrating
measured vibration characteristics, a quasi-zero stiffness ring meta-structure isolator was designed for vibration control based
on the principles of quasi-zero stiffness isolation and the bandgap features of meta-structure. First of all, taking a typical
seawater pump as the research object and based on an integrated quasi-zero stiffness structure, a structural design scheme of
the ring meta-structure isolator was proposed. Then, models of quasi-zero stiffness unit cell, one-dimensional quasi-zero
stiffness meta-structure and quasi-zero structure ring meta-structure isolator were established using finite element method and
theoretical method, respectively. Their static and dynamic mechanical characteristics were calculated and analyzed, and their
isolation effect on the output vibration of seawater pumps was evaluated. The calculation and test results show that the quasi-
zero stiffness ring meta-structure isolator provides multiple bandgaps at low frequencies, and exhibits significant vibration
suppression effects on typical frequencies of seawater pumps.

Key words: Integrated quasi-zero stiffness; Broadband vibration isolation; Meta-structure; Ring isolator; Rotating
machinery
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