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Simulation of uncertainty of dynamic responce in wheel-track vibration system

with spatial variation of geometric dimension or material parameter of its component members
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The variation of sleeper-ballast force and wheel-rail contact force induced by the spatial varia-

tion of geometric dimensions or material parameters are simulated with the spectral stochastic FEM

(SSFEM) using polynomial chaos (PC). The spatial varitation of their dimensions or parameters is

prescribed with Karhunen-Loeve expansion. The influence of the spatial variation of rail bending

stiffness or ballast Young’s modulus on the simulated force is investigated through numerical tests

with several setting of wheel running speed. Through the numerial tests, the maximum of coeffi-

cients of variation (CV) on simulated sleeper-ballast force is comparable to the CV of rail bending

stiffness or ballast Young’s modulus. The standard deviation of wheel-rail contact force is increased

in progression of wheel running speed.

Key Words: wheel-track vibration anaysis, bending stiffness, ballast Young’s modulus, spatial

variation, spectral stochastic FEM(SSFEM), running speed of wheel
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Fig.1 Wheel-track vibration model.
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Fig.2 Geometric dimension of ballast layer.
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Fig. 3 Expected value and standard deviation of sleeper-ballast
force (No.7) in a railway track with spatial variation of bending

stiffness of rail.
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Fig. 4 Expected value and standard deviation of sleeper-ballast
force (No.7) in a railway track with spatial variation of ballast

Young’s modulus.

U7\,
43. L—Jl - EBHREBEMADOBHISE~NDHE

Rz, L —)b - Bl O MRHE B X O R 2 O B
IRBZRIET, U — VTR £ 721387 2 M EFR Young R
DZEIIES D EDHFEIZOWTHRIT 5. Fig5 1%, L —
VOWH ZRE—A Y NOEMIIESDEDOAEZRL Y
BB L —)L - HigEMl D ORI E B & OREHE R % »
WOETMNEOEFREZRLZEDTHS, £z, NTAME
JED Young D ZEEMNIZ S D EDAZEEL -IHE DR
% Fig.6 1277

ELHE - BREERDOGEG LR, FH—OETHET
BN, PEIR TS D& 2 EET E 8T A—XIT &
STIFIER—OX¥#E 5T, KL, L—) - Higmh T
&, ETHEED B & B ICEAU) O ZERIEABIE T B 6§
MERLTWED, 475 —ADFREHED T CRIFARK &
o= D ¢ = 40(m/sec) DZFETH D, T OHMDEF DI
ME A 6 BEE 1272 B DI HEDHRIRFEY & £< 5 FoimEE
HE—HTHHETHEI RTINS,

—7, ®Him - L —VEEMD OBEERAEIZOWTIE, L
ORI - N T A NER Young RO WO ZEMIX S
DEEEREUZBECBVWTE, ETHEEO LRI
HEEFAEORELIERTEZ b 5. L L, IR
HEPYEEOILS DEDOEE N (BHRK 10%HY) &
U Tl DFEHE(R 2 D A — X — 13 IER I/ X L, HIRHED
1%FEELATI®E 72\, £72, L — )L O FRIE o 22 B 12
5O&EREELUIZEE LIART, /NT X MEK Young R %2
MWIES 2 E%2FE L ZBE T, EITHEED ERICES
ity D REHE A 25 D BERME I AS & D BHE TH Y, ¢ = 80(m/sec)
DIGE TIEEERZE G EO SRREE T LAT .



— Expected value
-——-Standard deviation

0.4

— Expected value
-——-Standard deviation

0.4

=
=)

S

2
2
2
2

o
23
o
&

AN e e e do
\
2 0 2
‘Wheel Position (m)

(a) ¢ = 10(m/sec).

B e (L S U DI S —Ho
|
2 0 2
Wheel Position (m)

(b) ¢ = 20(m/sec).

Expected value of wheel-rail contact force (kN)

Standard deviation of wheel-rail contact force (kN)
Expected value of wheel-rail contact force (kN)

Standard deviation of wheel-rail contact force (kN)

Expected value
-——-Standard deviation

0 " 0.4

Expected value
-——-Standard deviation

70 " 0.4

69

68 68

M AN AN N

UMY S oy Aa A bk P A AN R o

oy WY NV I A A AR A N
|

Expected value of wheel-rail contact force (kN)
Expected value of wheel-rail contact force (kN)

,
-2 0 2
Wheel Position (m)

(c) ¢ = 40(m/sec).

-2 0 2

Wheel Position (m)

(d) ¢ = 80(m/sec).

Standard deviation of wheel-rail contact force (kN)
Standard deviation of wheel-rail contact force (kN)

Fig.5 Expected value and standard deviation of wheel-rail contact
force in a railway track with spatial variation of bending stiffness of

rail.
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Fig.6 Expected value and standard deviation of wheel-rail contact
force in a railway track with spatial variation of ballast Young’s

modulus.
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