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Fig.1 A two-axle railway bogie
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Fig.2 Time series of the lateral motion of the leading wheel set at two

different speeds
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Table 1~ Statistical characteristics of the critical speed at

different variation coefficients

Statistical char-
C=0.05 C=0.10 C=0.15 C=020 C=0.25

acteristics

Mean 83.4986 83.4957 83.4972 83.5243  83.5900
Standard devia-
0.7222  1.4475 2.1742 2.9056 3.6593

tion

Range 6.1303 12.7893 20.1380 29.3382  40.1458
Minimum 80.6408 77.6807 74.9845 71.7034 67.8465
Maximum 86.7711 90.4700 95.1224 101.0417 107.9923
Skewness 0.0515 0.1210  0.2059 0.3197 0.4222
Kurtosis 3.0085 3.0561 3.1431 3.3550 3.6216

Failure proba-

bility(83.49)

0.4988 0.5065 0.5124 0.5159 0.5163

Failure proba-

bility(80.00)

0.0000  0.0061  0.0475 0.1033 0.1530

Failure proba-

bility(75.00)

0.0000  0.0000 0.0000  0.0008 0.0048
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Table 2 Normalized FAST sensitivity indices of the critical

speed at different variation coefficients

Parameter  C,=0.05 C=0.10 C=0.15 C=020 =025
KpxL1 00305 00317 00342 00396  0.0449
KpxR1 00305 00318 00346 0.0388  0.0461
Kpx[2 00000  0.0000 00001  0.0002  0.0003
KpxR2  0.0000  0.0000  0.0001  0.0002  0.0003
KpyLl 00385 00394 00417 00453 00516
KpyRI 00386 00394 00423 00465 0.0514
KpyL2  0.1556  0.1546  0.1510  0.1487  0.1407
KpyR2  0.1547  0.1542 01515  0.1465  0.1397
KpzL1 ~ 0.0000  0.0000  0.0000  0.0000  0.0000
KpzR1 ~ 0.0000  0.0000  0.0000  0.0000  0.0000
KpzL2 ~ 0.0000  0.0000  0.0000  0.0000  0.0000
KpzR2 ~ 0.0000  0.0000  0.0000  0.0000  0.0000

KsxL. 00029 00029 00030 00030  0.0029
KsxR 00029 00029 00029 00026  0.0030
KsyL 00049 00050 00049  0.0053  0.0060
KsyR 00049 00049 00050 00048  0.0050
Ksal, 0.0000  0.0000  0.0000  0.0000  0.0000
KszR 0.0000  0.0000  0.0000  0.0000  0.0000
CpzL1 — 0.0000  0.0000  0.0000  0.0000  0.0000
CpzR1  0.0000  0.0000  0.0000  0.0000  0.0000
Cpzl2  0.0000  0.0000  0.0000  0.0000  0.0000
CpzR2  0.0000  0.0000  0.0000  0.0000  0.0000
CsyL 02679 02667 02642 02604  0.2545
CsyR 02679 02663 02646 02580  0.2535
Cszl. 0.0000  0.0000  0.0000  0.0000  0.0000
CszR 0.0000  0.0000  0.0000  0.0000  0.0000
sum 1.0000  1.0000  1.0000  1.0000  1.0000
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UNCERTAINTY ANALYSIS OF THE CRITICAL SPEED OF A
RAILWAY BOGIE *

Gao Xuejun'

"

Li Yinghui®
(1.State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology,
Chengdu 610059, China)
(2.School of Mechanics and Engineering , Southwest Jiaotong University, Chengdu 610031, China)

Abstract The critical speed of railway vehicles is relevant to a lot of parameters. It is complicated to accurately and ef-

fectively construct functions among them for uncertainty analysis. In this paper, the high-dimensional Hermite orthogo-

nal polynomial with high orders was derived based on the independent normal distribution, and the collocation method of

Latin hypercube sampling was applied to construct the function with respect to the critical speed of a railway bogie with

random parameters. The regularity of the critical speed with different variation coefficients was investigated on the condi-

tion that all the left/right and front/back suspension components of the bogie were independent normal distributions. It

was indicated from reliability analysis that a lower limit value of the critical speed is the guarantee for low failure proba-

bility of the bogie with increasing variation coefficients. Moreover, the results of sensitivity analysis showed that the sec-

ondary lateral damping coefficient is the most important parameter to the critical speed. Different front/back suspension

components usually have different influences to the critical speed. The rank order of sensitivity indices cannot be signifi-

cantly impacted by the variation coefficients.

Key words railway bogie, critical speed, reliability,
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