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ABSTRACT: The work aims to prove the effectiveness and accuracy of particle swarm optimization algorithm for parameter
identification of steel-net pad vibration isolator and investigate the effects of different loading conditions on the mechanical
properties of steel-net pad. The sinusoidal loading test was carried out on the steel-net pad to obtain the test response data. The
mechanical properties of the steel-net pad were described by the bilinear constitutive model, and the parameter identification
equation of the vibration isolator was established. The particle swarm optimization algorithm and the test response data were
used to identify the model parameters, and the variation of the identification parameters under different loading conditions was
studied. The hysteresis loop calculated by the identified parameters was in good agreement with the experimental results. By
changing the excitation amplitude and frequency, the primary stiffness, tertiary stiffness, slip stiffness and equivalent damping of
the steel-net pad all changed regularly, while by changing the static load of the steel mesh pad, the curve changed very little. The
study proves the effectiveness and accuracy of the particle swarm optimization algorithm in identifying the parameters of
steel-net pad vibration isolator. It represents a parameter identification method with significant engineering application value.
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Fig.1 Structure of steel-net pad vibration isolator: a) vibration isolator; b) steel-net pad
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Tab.1 Steel-net pad component parameters
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Fig.2 Parameter identification test device and site of steel-net pad: a) test device; b) test site
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Fig.3 Hysteresis loops at different load amplitudes: a) axial; b) radial
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Tab.2 Different conditions of parameter identification test

TH  mETrm WE{E/N  JiR/Hz  #E/ke
1 30 50 1.03
2 30 100 1.03
3 el 20 50 1.03
4 30 50 1.89
5 30 50 1.08
6 30 50 2.16
2A
7 & 20 50 2.16
8 30 100 2.16
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Fig.4 Hysteresis loops at different excitation frequencies: a) axial; b) radial
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Fig.5 Hysteresis loops at different suspension static loads: a) axial; b) radial

B 22 R PR IR g I AR 2t 3 1 AR

mx+ gy [xo +x(t),5c(t),t] =F(t)+mg )

WAL TT gn AT LAAME R 2 DAY A5 YRS B
REA KM TCICIZH I go M5 AR i s 45 1)
CAZEBY 2(). Hod, (UM = kAL R 1
SR LUHR TCICIZIR B 1 g0 B T2 4T M

o = k() + ks y’ (1) + cj(t)

WHTER AN I RN 6 7 o

z(f)

A

0
/4; //iﬂﬂ
/ W1

o

)

nt+6 Zs

Hew) /

pa—

Ko XUreeAty S R p

Fig.6 Bilinear constitutive model
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Fig.7 Optimization process of identification error function: a) working condition 3; b) working condition 8
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Tab.3 Parameter identification results of steel-net pad under different working conditions

mEE%5 ki k3 c Zg Vs ks

30N, 50 Hz, 1.03 kg 3.74x10° -3.66x10" 1.17x10* 46.79 2.4x107° 1.95%x10°
30 N, 100 Hz, 1.03 kg 1.64x10° -1.92x10" 4.63x10° 11 2.21x107° 4.98x10°
20 N, 50 Hz, 1.03 kg 6.73x10° 1.03x10" 1.67x10* 20.88 2.26%x107° 9.24x10°
30N, 50 Hz, 1.89 kg 3.48x10° ~3.73x10" 1x10* 46.3 2.33x107° 1.98x10°
30N, 50 Hz, 1.08 kg 9.91x10° —-6.72x10" 1.8x10* 16.08 1.72x107° 9.35x10°
30N, 50 Hz, 2.16 kg 9.69x10° —6.61x10" 1.7x10* 16.22 1.72x107° 9.43x10°
20N, 50 Hz, 2.16 kg 3.63x10° -8.5x10" 2.4x10* 9.47 1.6x107° 6.1x10°
30N, 100 Hz, 2.16 kg 5.15%10° -3.59x10'" 3.09%10° 7 1.58x107° 4.43x10°
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Fig.8 Comparison of the identification hysteresis loop and the test hysteresis loop: a) working condition 3; b) working condition 8
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