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Fig.1 Integral rubber joint
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Fig.4 Deformation of integral rubber joint sleeve under
direct loading
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Fig.2 Radial preloaded rubber joint
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Fig.5 Sleeve tooling for measuring radial stiffness of
integral rubber joint
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Fig. 6 Surface damage of integral rubber joint
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Fig.7 Press tooling for measuring radial stiffness of

radial preloaded rubber joint
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Fig.8 Measuring of radial stiffness of radial preloaded

rubber joint
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Fig.9 Axial closuring of axial preloaded rubber joint with

press tooling
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Fig.10 Measuring of axial stiffness of integral rubber joint
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Tab.1 Radial stiffness and axial stiffness of

integral rubber joints kKN « mm'

prm  EPIRIEBRERE o ARFIRITE 1 R

CHERF)  (EEH) CHER) LER)
1 15.82 7.89 16 17.12 8. 40
2 16.08 8.01 17 16.23 7.99
3 15.61 7.97 18 16. 60 8.21
4 15.90 7.86 19 16.40 7.98
5 16.50 8. 14 20 15.81 7.81
6 15.92 7.73 21 16.91 8.29
7 15.88 7.73 22 16.28 8.08
8 15.96 7.90 23 16.35 8.26
9 15.73 7.70 24 15.92 7.93
10 15.91 7.75 25 16. 64 8.34
11 16.72 8.08 26 16.11 7.98
12 16.54 8.12 27 16.07 7.87
13 15.78 7.73 28 16.23 8.10
14 16.13 8.06 29 15.29 7.54
15 15.83 7.97 30 16.48 8.16
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Fig.11 Scatters and fitting line and ratio line of radial stiffness
and axial stiffness of integral rubber joints
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Tab.2 Comparison of calculated value deviations of radial stiffness of integral rubber joints

At W EESEIAE/ Rl WO BESE DA/ Ry AR W EE T )y RRAR e WU AR Ly AR AR m MR ARl Ty BRI W AR ER R A

(kN » mm") (kN * mm ") B/ (kKN » mm ") PEAEmE/%  HEME/ (KN s mm™)  EIEAEME /% R
16.51 8.33 16.76 1.51 16.85 2.06 56
21.31 10.92 21.27 —0.19 22.09 3.66 59
17.17 8.33 16.76 —2.39 16.85 —1.86 —
17.99 8.95 17.84 —0.83 18.11 0.67 —
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Tab.3 Radial stiffness of integral rubber joints with or
1

without sleeve tooling kN « mm-
R R WIEE A i Fr i R WIBE A2 1i )
(REM)  HER) (RER)  HER)
1 18. 66 6.83 14 21.31 7.05
2 18.38 6.65 15 20.94 7.03
3 18.87 6.89 16 16. 66 5.88
4 20.82 7.16 17 20.45 6.79
5 19.53 6.45 18 16. 88 6.12
6 19.46 6.94 19 19.54 6.85
7 20.63 6.68 20 20.25 7.08
8 19.48 6.82 21 21.20 6.85
9 17.71 6.42 22 20.35 6.79
10 18.41 6.21 23 16.63 5.98
11 18.29 6.67 24 18.24 6.61
12 18.62 6.34 25 20.91 7.19
13 20.76 6.94
~ 75
£
=
z 7.0
=
~
!
=65
=
hal
K
= 6.0
&
bl
fe 5.5 | |
16 18 20 22

TER TRARMMIE/ N « mm™)
E12 ZGXGERXTE/ TEAIERORNEHSRMELE

Fig.12 Scatters and fitting line of radial stiffness of
integral rubber joints with or without sleeve tooling

x4 BUEABBRXTEENIREZQRETEES
KA R EE
Tab.4 Comparison of calculated values and measured values of
radial stiffness of integral rubber joints with sleeve tooling
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20.53 7.15 7.00 —2.10
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Fig. 13 Radial closing and holding of press tooling of
radial preloaded rubber joint under loading
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Fig.14 Load-displacement curve of radial preloaded
rubber joint in radial pressing and holding process
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Fig.15 Scatters and fitting line of radial stiffness and press
fitting stiffness of radial preloaded rubber joints
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Tab.5 Comparison of calculated values and measured values of
radial stiffness of radial preloaded rubber joints

AR SENE, RIS AR R TH R fEmElE o

(kN » mm ") (kN mm ") (kN » mm ") 22/ %
13.39 2.53 13.07 —2.40
13.12 2.59 13.29 1.30
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Fig.16 Closing of axial preloaded rubber joint sleeve under
axial loading
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Fig.17 Load-displacement curve of axial preloaded rubber
joint in axial loading and closing process
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Fig. 18 Scatters and fitting line of radial stiffness and press
fitting stiffness of axial preloaded rubber joints
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Tab.6 Comparison of calculated values and measured values
of radial stiffness of axial preloaded rubber joints

P WIS/ PRSI AR NSRS/ AR M5

(kN » mm™") (kN » mm™") (kN * mm™") {HMm22/%
42.00 1.23 43.51 3.60
39.19 1.14 38.02 —3.00
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Radial Stiffness Measuring Method of Rubber Joint for Rolling Stock Based on
Regression Analysis

LIANG Jianyao , WANG Xili, DENG Mengjun, LIN Sheng,ZHAI Jigin, YANG Fang,SU Zhimin
(Zhuzhou Times New Materials Technology Co. ,Ltd,Zhuzhou 412007, China)

Abstract: Through data analysis, it was found that there were linear correlations between the radial
stiffness (with sleeve tooling) and the axial stiffness (without sleeve tooling) of the integral rubber joint
for rolling stock, and between the radial stiffness with sleeve tooling and the radial stiffness without sleeve
tooling of the integral rubber joint. Through regression analysis, the regression equations between the radial
stiffness and the axial stiffness of the integral rubber joint,and the radial stiffness (with sleeve tooling) and
the radial stiffness (without sleeve tooling) of the integral rubber joint were obtained. The radial stiffness and
press fitting stiffness of the radial preloaded rubber joint and axial preloaded rubber joint were also linearly
related, and the radial stiffness of the rubber joint could be calculated by the press fitting stiffness through the
regression equations. This regression analysis method could improve the measuring efficiency of the radial
stiffness of the rubber joint, and the fitting deviation was within 3=5%.

Key words: rolling stock; rubber joint; radial stiffness; stiffness measurement; regression analysis; linear

correlation



