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Reliability Management Methods for Welded Joints of Railway Vehicle Bogie Frames
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The load on bogie frames for railway vehicles in service varies greatly, which requires careful consideration of both
variability and uncertainty in load and material strength when assessing the fatigue life of welded joints. In this study, a new
method was developed based on reliability engineering to clearly differentiate between reliability and confidence level. The
results showed that a simple formula could be used to determine the probability of failure and safety factor when load variation
was relatively small. For easy reference, we provided the tables of partial safety factors for the target reliability. In situations
with large load variation, we found that Monte Carlo simulations were effective for calculating the probability of failure. Lastly,

we compared our calculated probabilities of failure with the literature and discussed these results.
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Table 2 Dependency of 6; , on § and Ny ( 1-y=10.875)

. N,

. 20 40 60 80 100 200 300 400 500 1,000
0.5 0.62 0.58 0.56 0.55 0.55 0.53 0.53 0.52 0.52 0.51
0.6 0.75 0.69 0.67 0.66 0.65 0.64 0.63 0.63 0.62 0.62
0.7 0.87 0.81 0.79 0.77 0.76 0.74 0.74 0.73 0.73 0.72
0.8 1.00 0.93 0.90 0.88 0.87 0.85 0.84 0.83 0.83 0.82
0.9 1.12 1.04 1.01 0.99 0.98 0.96 0.95 0.94 0.93 0.92
1.0 1.25 1.16 1.12 1.10 1.09 1.06 1.05 1.04 1.04 1.03
1.1 1.37 1.27 1.24 1.21 1.20 1.17 1.16 1.15 1.14 1.13
1.2 1.49 1.39 1.35 1.32 1.31 1.27 1.26 1.25 1.25 1.23
1.3 1.62 1.50 1.46 1.44 1.42 1.38 1.37 1.36 1.35 1.33
1.4 1.74 1.62 1.57 1.55 1.53 1.49 1.47 1.46 1.45 1.44
1.5 1.87 1.74 1.68 1.66 1.64 1.59 1.58 1.56 1.56 1.54
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B3R 5 & N ST B 6, O (1-y=095 DHE )
Table 3 Dependency of 6'L;,y on§ and Ny (1-y=0.95)

. Ny
S
20 40 60 80 100 200 300 400 500 1,000
0.5 0.69 0.62 0.59 0.58 0.57 0.55 0.54 0.53 0.53 0.52
0.6 0.82 0.74 0.71 0.69 0.68 0.65 0.64 0.64 0.63 0.62
0.7 0.96 0.86 0.83 0.81 0.79 0.76 0.75 0.74 0.74 0.73
0.8 1.10 0.99 0.94 0.92 0.91 0.87 0.86 0.85 0.84 0.83
0.9 1.23 1.11 1.06 1.04 1.02 0.98 0.97 0.96 0.95 0.93
1.0 1.37 1.23 1.18 1.15 1.13 1.09 1.07 1.06 1.06 1.04
1.1 1.51 1.36 1.30 1.27 1.25 1.20 1.18 1.17 1.16 1.14
1.2 1.64 1.48 1.42 1.38 1.36 1.31 1.29 1.27 1.27 1.25
1.3 1.78 1.60 1.53 1.50 1.47 1.42 1.39 1.38 1.37 1.35
1.4 1.92 1.72 1.65 1.61 1.59 1.53 1.50 1.49 1.48 1.45
1.5 2.06 1.85 1.77 1.73 1.70 1.64 1.61 1.59 1.58 1.56
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Fak FIE4 CcoOV RERRIIHT S D, OEGRELRE PSFy (1-y=0.875, p,=0.001 OHE )
Table 4 Partial safety factors of D ( PSFy ) for various COVs and number of samples ( 1-y = 0.875, p, = 0.001 )

Ne
COV(D,,)
5 6 7 8 9 10 15 20 25 30
0.1 1.78 1.69 1.64 1.61 1.58 1.56 1.51 1.48 1.46 1.45
0.15 2.39 2.22 2.12 2.05 2.00 1.96 1.86 1.81 1.78 1.76
0.2 3.23 2.92 2.74 2.62 2.53 2.47 2.29 221 2.16 2.13
0.25 438 3.85 3.55 3.36 322 3.11 2.83 2.70 2.63 2.58
0.3 5.96 5.09 4.61 4.30 4.09 3.93 3.50 3.31 3.20 3.12
0.35 8.11 6.73 5.98 5.51 5.19 4.95 433 4.05 3.89 3.78
0.4 11.03 8.89 7.76 7.06 6.58 6.24 5.34 4.94 4.72 4.57
0.45 14.98 11.72 10.04 9.02 8.34 7.84 6.57 6.03 5.71 5.51
0.5 20.30 15.42 12.97 11.50 10.53 9.83 8.07 733 6.91 6.63

BSR SFEER COV REARBUIHT 5 D, DFBLEMRE PSFy (1-y=0.95, p,=0.001 DHFE)
Table 5 Partial safety factors of D, ( PSFy ) for various COVs and number of samples ( 1-y=0.95, p, = 0.001 )

NR
CovV(D,,)
5 6 7 8 9 10 15 20 25 30
0.1 2.14 1.95 1.84 1.77 1.72 1.68 1.58 1.54 1.51 1.50
0.15 3.18 2.75 2.52 237 227 220 201 1.92 1.87 1.84
02 477 391 347 3.20 3.02 2.89 2.55 2.40 232 2.26
0.25 721 5.60 4.80 433 4.02 3.80 3.24 3.00 2.87 2.78
0.3 10.96 8.03 6.66 5.87 5.36 5.00 4.12 3.76 3.56 3.43
0.35 16.73 11.55 9.25 7.96 7.15 6.58 5.24 4.70 441 422
0.4 25.58 16.63 12.84 10.80 9.53 8.67 6.66 5.88 545 5.18
0.45 39.14 23.93 17.82 14.62 12.69 11.39 8.44 733 6.73 6.35
0.5 59.80 3436 24.67 19.76 16.85 14.93 10.68 9.12 8.29 7.77

Foexk SFTIFEh COV REARKIIHT S D, DD EERI PSFr (1-y=0.875, p,=0.005 DHH)
Table 6 Partial safety factors of D, ( PSFy ) for various COVs and number of samples ( 1-y= 0.875, p, = 0.005 )

Ng
COV(D.,)
5 6 7 8 9 10 15 20 25 30
0.1 1.62 1.55 1.51 1.49 1.47 1.45 1.41 1.39 1.38 1.37
0.15 2.08 1.95 1.88 1.83 1.79 1.76 1.68 1.64 1.62 1.60
0.2 2.69 2.47 2.33 225 2.19 2.14 2.01 1.95 1.91 1.88
0.25 3.48 3.12 291 2.77 2.68 2.60 2.40 2.31 225 222
0.3 4.53 3.96 3.64 3.43 3.28 3.17 2.88 2.74 2.66 2.61
0.35 591 5.03 4.55 4.24 4.03 3.87 3.45 3.26 3.14 3.07
0.4 7.70 6.39 5.69 5.24 4.94 4.71 4.13 3.86 3.71 3.61
0.45 10.04 8.12 7.10 6.48 6.05 5.74 493 4.58 437 4.24
0.5 13.07 10.30 8.86 7.99 7.40 6.97 5.89 5.41 5.14 4.97

BITR STITLH COV RERIBIIAT B D, DEGLEREL PSFr (1-y=0.95, py=0.005 DIE
Table 7 Partial safety factors of D, ( PSFy) for various COVs and number of samples ( 1-y=0.95, p, = 0.005 )

Ny
Cov(D,)
5 6 7 8 9 10 15 20 25 30
0.1 1.89 1.75 1.67 1.61 1.57 1.55 147 144 141 1.40
0.15 2.65 234 2.17 2.07 1.99 1.94 1.79 1.73 1.69 1.67
0.2 375 3.16 2.85 2.66 2.54 244 2.20 2.09 2.02 1.98
0.25 5.34 429 3.77 345 3.23 3.08 2.69 2.52 243 237
0.3 7.66 5.86 4.99 447 4.14 3.90 331 3.06 2.92 2.82
0.35 11.05 8.02 6.61 5.81 530 4.94 4.06 3.70 3.50 337
04 15.99 10.99 8.78 7.56 6.79 6.26 499 448 420 4.02
0.45 23.17 15.08 11.67 9.83 8.69 7.92 6.12 5.41 5.03 479
0.5 33.60 20.68 15.49 12.77 1112 10.01 7.49 6.53 6.02 5.70
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