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and compression springs. A parameter study is conducted to determine the
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Accepted 9 January 2024 relathnshlp between the QZS performance and the design paraméters of the. spring
and linkage. Notably, the QZS convergence and load-carrying capacity are
significantly affected by both the spring and linkage parameters. A prototype of
Key wor ds: ) a QZS vibration isolator is developed and its performance is experimentally
thlaSI_.ZemA Stlfffless Qz9) validated through the displacement transmissibility under base excitation.
V%branon. isolation Notably, the QZS characteristics significantly reduced vibrations for a whole
ng.h static load range of the excitation frequency and also suppressed vibrations around peaks by
Spring free length as much as 70%. The vibration isolation is expected to be further enhanced by
Displacement transmissibility reducing errors caused in the manufacturing process of QZS springs.
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Fig. 5 Performance with variation of v (o, =60°)

Table 1 Performance vs. design variable v (o, =60°)

QZS performance 7
v LCc
k’st dk QZs AyQZS

0.8 0.0027 0.0573 0.1845 0.6610

1.0 0.0037 0.0573 0.2524 0.8590

1.2 0.0045 0.0545 0.3174 1.0596
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Table 2 Performance vs. design variable o, (y=1.2)

QZS performance
o k dk A fie
Qzs Qzs Yozs
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Table 3 Design parameters of a QZS vibration isolator

Parameters Value

) ) v 1.1
Design variable @) 43
Link length Upper Ly () 822
Lower L; (mm) 75.0

Distance Upper dyy (mm) 72.0
between the links Lower d; (mm) 87.0
K,y N/m) 200

Extension | Free length (m) 0.11

) Deformation (%) 47.0

Spring

Kp (N/m) 334

Compression | Free length (m) 0.12

Deformation (%) 74.3

Mass (kg) 0.8

Mass

Compression
spring |
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Table 4 Measured properties of the QZS spring system

Properties Value

Spring Extension | Ay (N/m) 200.7
stiffness | Compression | A7 (N/m) 37.1
075 0.05

Performance dkgzg 0.29
indices AngS 0.20
e 0.56

7] Welo] A5t QZS A5 TATHE oF

27 %
8% 4 9k

QQloz 7

Fig. 100)E A58AA2) 5153} #9l Afole] BAZ 274
stol 47 eARINe] B4 FA1 ulastel EAIR o= A
o 47 Zsto|a W, "0 YA U, 45 Y ALe] Am
% wielo] 54 N2 27 mAIR Zlolek. Q1 Axo] 49 27
FEoR AT APt FAta 4% 2xYe P oxfe §F
o2 MA 453 Aot WA, AspHoz Aade Axy



Seok-Chun Jeon, Kee-Sung Kim, Eung-Soo Shin

(a) QZS system
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Table 5 Peak frequencies in the displacement transmissibility

Estimated Measured
Sysetm | Mode | Mass Stiffness | Frequency | Frequency
(kg) (N/m) (Hz) (Hz)
QZS Local 0.09 9.80 1.63 1.67
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No QZS
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