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Abstract

El

[ Objective] The structure of rubber spring shock
absorbers for rail transit is complex, its stiffness characteristics
are mainly predicted by simulation methods, but simulation re-
sults of different constitutive models vary greatly. The Yeoh,
Mooney-Rivlin and Ogden three strain energy density function
models of hyperelastic rubber materials and their applicable
scenarios are compared and analyzed. Using the primary rubber
spring in the bogie of rail transit vehicles as the research ob-

ject, the installation methods, functional characteristics, struc-
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tural composition, and performance requirements are expoun-
ded, the best from them are selected. [ Method] A finite ele-
ment analysis method for the static stiffness characteristics of
primary rubber springs is established. The fitting effectiveness
and computational accuracy of three constitutive models for hy-
perelastic rubber materials are evaluated using the fit of force-
displacement curves and stiffness deviation as assessment met-
rics. [ Result & Conclusion] The results show that the devia-
tion between the simulated values calaclated using the Yeoh
model and the experimental values is significant, follow by de-
viations of Mooney-Rivlin matel and Ogden model, but both
the fitting effect and the computational accuracy of Ogden mod-
el are optimal. Therefore, the Ogden model is more suitable
for analyzing the mechanical performance of the static stiffness
characteristics of primary rubber springs in rail transit vehicle
bogies.

Key words rail transit; vehicle bogie; primary rubber
spring ; constitutive model; static stiffness characteristics; finite

element analysis
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Fig.1 Installation diagram of primary rubber springs
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Fig.2 Structural diagram of primary rubber springs
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Tab.1 Technical requirements of primary rubber spring

vertical static stiffness

il L3 | = S 1 1 = A 121 NI Feis
-~ kN kN (N/mm)
kyo 0~50 22.5-~23.5 575(1+7.5%)
ky, 0 ~50 26.5~27.5 600(1+7.5%)
ky, 0 ~50 32.5~33.5 660(1+7.5%)
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Tab.2 Technical requirements of primary rubber spring

lateral static stiffness

o e SIS i, me i
- kN AL mm (kN/mm)
mm
kio 23 0~5 0~3 =4.3
ky, 27 0~5 0~3 =4.5
ki 33 0-~5 0-3 =4.7
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Fig.3 Finite element model of primary rubber springs
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Fig.4 Test site of static stiffness
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Fig.5 Comparison of vertical force-displacement curves
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Tab.3 Vertical static stiffness and its deviation in different constitutive models

M-R #5784 Yeoh f5i7 Ogden #£7
MIgE  3KiE/ (N/mm)
i HAF/ (N/mm) W2/ % 5 HAB/ (N/mm) W2/ % {15 BB/ (N/mm) W2/ %
kyvo 566 532 6.03 774 36.82 568 0.34
ky, 596 570 4.31 820 37.53 598 0.30
ky, 667 630 5.58 893 33.84 676 1.39
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Fig. 6 Comparison of lateral force-displacement curves wider different pre-loading
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Tab.4 Lateral static stiffness and its deviation in different constitutive models

M-R Hi7 Yeoh i 5 Ogden Fi 7
MIEE  REE/ (N/mm)
5 BLAE/ (N/mm) W2/ % {5 B AH/ (N/mm) 2/ % {15 LB/ (N/mm) W25/ %
kio 4.38 4.28 2.25 4.95 13.04 4.31 1.57
ki 4.91 5.02 2.16 5.49 11.84 4.95 0.73
kis 5.81 6.18 6.44 6.40 10.25 5.81 0.12
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