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Nonlinear Analysis of Rubber Bellows for the High Speed Railway
Vehicle
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Abstract Gangway bellows in this study is the double wrinkled neoprene rubber component to accept various
deviations between the carriage end parts of the articulated type high speed railway vehicle(HSRV). The fatigue
failure of the bellows has a harmful effect on the riding comfort for the passengers with the increase of noise
and ringing in the ears due to air-tightness failure during pass through a long tunnel. In this study, to assure
the safety of gangway bellows of the HSRV, non-linear analysis of the gangway bellows considering triaxial
angular displacement(rolling /yawing/pitching) between the carriage end parts are performed. The non-linear
properties of the rubber are determined by uniaxial tension and equi-biaxial tension test. Moreover, from the
results of non-linear analysis, the effects of the angular displacements and frictional coefficients are evaluated.
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[Fig. 1] Gangway rubber bellows for high speed railway
vehicle

[Fig. 2] Tests of neoprene rubber for bellows under
uniaxial (left photo) and equi-biaxial(right
photo) tension
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[Fig. 3] Specimen of equi-biaxial tension test
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[Fig. 4] Stress-strain curves of the neoprene rubber under
equi-biaxial tension
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[Table 1] Nonlinear material properties of the neoprene
rubber

Mooney-Rivlin Ogden

Strain|
Cio | Cot| Gn 1221 Ho Hs oy ay | o | G,

25% [0.739| O | 1.48 |1.23E-6| 1.460 |1.15E-5|7.46E-6|4.967|2.354| 1.46

50% 0.601| 0 | 1.20 |2.64E-6| 1.168 |4.07E-7|1.26E-5|3.291|0.452|1.168

100%|0.535| 0 | 1.07 | 7.53E-7 | 2.66E-6 | 1.06 |5.98E-6| 042 |2.167|1.057
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[Fig. 5] Finite element model and boundary condition of
gangway bellows
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[Table 2] Applied angular displacement with mode types

operation conditions | Applied angular displacement

Rolling
straight linet side wind
speed, etc Rolling (+a°)

z

Yawing

Yowing (39—~

ty

2 R250 curve

[R250 curve + wind speed,|

ete Yawing((°) + Rolling(+a°)

Pitching
—

PIGHG( )

: a given value by means of production company[11]

4 | wheel wear, suspension etc

C¥a, B, v

ANEATE Lesto] Hd 3R
(maximum principal strain)2A] 7|5} }6,7,9,10].
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(d) Yawing and Rolling mode
[Fig. 6] Max principal strain distribution of gangway bellows
under various angular displacement modes
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[Fig. 71 Comparisons between photos of the failed bellows
and maximum principal strain distribution
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