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Fig. 2 Stress-strain curve and fitting curve of each sample
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Fig.3 Three-dimensional model of U-shaped rubber outer windshield
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Fig. 6 Meshing of U-shaped rubber outer windshields
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Tab.1 Mesh independence verification of front and rear faces

se M FOREIT M, AR R A% R RFIEAE
Numb Size of M, Size of M, Mesh Maximum
MR esh/mm mesh/mm quantity  deformation/mm
1 6 20 20 645 7.418 4
2 6 15 22192 7.388
3 6 10 26 867 74124
4 4 20 22473 7.396 5
5 2 20 33993 7.436
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Tab.2 Finite element data for three working conditions

T 7B T4 1Working T 2Working T.#% 3Working
Deformation condition 1 condition 2 condition 3
" %Ei 0.002 6.054 6.209
H, deformation/ mm
IR =N
HPER 0.001 025 0.246
H, deformation/ mm
i
H P22 0.001 1.681 1.772

H, deformation/ mm
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Fig. 10 U-shaped rubber outer windshield sample and high and low
temperature test chambers
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Fig. 11 Internal installation and temperature setting of high and

low temperature test chambers
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Tab.3 Comparison of finite element results of U-shaped rubber
samples and low temperature test

£ %% Name H, H, H,
= v
SR 2435 16.5 400
Original size/mm
ARG 237291 16248 39823
Finite element simulation/mm
- A
gk 6.209 0.246 1772
Simulation deformation/mm
NE="
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Measurement 1/mm
=)
235.5 16.12 3
Measurement 2/mm 99
?l’" H=N
WAL S 236.6 16.38 397.8
Measurement 3/mm
A

7.467 0.233 1.567

Average deformation/mm
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Fig. 12 Rubber samples
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Analysis of shrinkage performance of U-shaped rubber outer windshield of
high-speed train at low temperature

GU Cheng' XU Lei* YU Chengtao' WANG Jiazheng’
(1. School of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213000, China)
(2. Changzhou Jinchuang Windshield System Co., Ltd., Changzhou 213000, China)

Abstract: Based on the low temperature tensile test data of the rubber, Ansys software was used to fit the Mooney-Rivlin
hyperelastic constitutive model of rubber material parameters, and the thermo-solid coupling simulation was carried out on the
U-shaped rubber outer windshield according to three real working conditions, and the influence of different working conditions
on the U-shaped rubber deformation was studied. The low temperature test was carried out on U-shaped rubber outer
windshield and three rubber samples with different batten thicknesses, the influence of temperature and batten thickness on its
deformation was studied. The results show that the U-shaped rubber deformation is mainly caused by the temperature change,
the U-shaped rubber height decreases obviously, and the shape variable of the side wall thickness and the rubber length is
small. In addition, the batten thickness has a greater influence on the rubber shape variable at the bolt hole. Compared with the
batten of 5 mm and 6 mm thickness, the 4 mm batten produces a larger deformation under the bolt preload action, resulting in a
larger deformation at the bolt hole, and then increasing the batten thickness can effectively reduce the hole removal risk.
Comparing the finite element simulation data with the low temperature test results, it is found that the two results are basically
consistent, which indicates the finite element analysis feasibility and the low temperature test reliability. The research results
provide some guidance basis for the U-shaped rubber outer windshield under low temperature application reliability.

Key words: U-shaped rubber outer windshield; Mooney-Rivlin hyperelastic constitutive model; Thermo-solid coupling;
Finite element analysis; Low temperature test
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