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Reliability Analysis and Preventive Maintenance for Fatigue Life
of End Beam for Uncovered Freight Car

Seok Heum Baek, Joo Heon Jeon, Kyoung Young Lee, Seok Swoo Cho and Won Sik Joo
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Abstract

Increased cumulative running times of railroad vehicle brings out such degradation as wear and
fatigue. It doesn't adapt corrective maintenance which repairs a poor part after a trouble but use
preventive maintenance which fixes a bad part before a trouble. There were a few researches for
preventive maintenance such as inspect affairs and facilitics management. They couldn't estimate the
operation reliability on railroad vehicle. Therefore, this study proposes the preventive maintenance
procedure that predict repair period of end beam for uncovered freight car using reliability function
and instantaneous failure rate on the basis of fatigue test and load history data.
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Fig. 7 Relationship between strain and time

Table 1 Result of strain gage position

Gl G2 G3 G4 GS G6

Max.
(MPa)
Min.
(MPa)
Mean
(MPa)

7.74 | 48.26 | 51.62 | 94.14 | 72.02

-0.51 [ -36.26 | -36.75 [ -70.65 | -31.14 | -3.41

371 847 | -8.83 |-13.28) 0.13 0.4

e
2
a=
w
2
ot
o

8

ol

L fo

¢

o™
oJr &=
e oh o

[
o
flo 1

o
fu
e U ST T
du 28 pR b
[o]
x

dl

(.

z &
Rl
N

&

o
ol
o
L

N
—

-

2

+

oo [o
2
g =

P ooX

h

ric

=}

o o
ku

z A ANt ox o U
[o

M,

-

3 60 km/he FHEE R JhEA R
N7 9 25% F< FAES . Fig. 62
BAY A shdo] &g FAWEo
o MYE AolNE i AANE Yehd
Aotk Fig. 72 EA A ddz FEHXA
G2, G59lA 9] WHE WEE Yehdl oz A
Axo] NP A} Table 19] A28k} o]
g stFolg e FASH &4% AzsEE AL
7] 93 ML B A L2210 FE-safe'VE

&
— oft od

[y v e
o

o %

N
==

ol g3l att AL H=2&Y PASRZE Miner
N2 g AN n WEslFsle 23 o]
o 3¢ nesh] A8 AwHoz SN 42
FAPETOlR Bels 8F dugre Al
S P-SN M9 4 el A3l At

o W=7 W
Fig. 8& T7l3ate] FeFol 24T 850l
g HAATZAAR g3 ARG Az Qe
A Gs ARAN BFAtelSe] BEB Aol
Y@ SANES vehd Aol Fig o0& of 7
% 44 Miner BHE 08T A& ARE
239 SRAYHZ YEd RO Fig 8% vu
el M=t 4L sFolehE 1 WFo] AW

h
olo] W &de AdHo W AYL & 5
Ack. meka A=y S AFAA BAs= & I&

166

Fig. 8 Result of a rainflow cycle counting histogram
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Table 2 Expected fatigue life and cumulative fatigue
damage at each measured point

Position number Modified Miner rule
Mean stress correction Life Damage Year
Gl Unlimited 0 Unlimited
G2 983700 1.02E-6 46.79
G3 None 360400 2.77E-6 17.14
G4 209800 4.77E-6 7.98
GS 5146000 1.94E-7 244.78
G6 170000000 | 5.88E-9 8086
Gl 23200000 4.31E-8 4833
G2 35350 2.83E-5 7.36
< G3 | Goodman 36330 2.74E-5 7.61
- - - i - G4 14010 7.14E-5 292
Famie. MPY Moo M G5 50780 1.97E-5 10.58
X . . G6 11510000 8.69E-8 2397
Fig. 9 Result of cumulative fatigue damage histogram
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Fig. 10 Result of goodness-of-fit test
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Table 3 Characteristics of distribution using parametric
distribution analysis

Standard 95% Norma! CI

error

Item Estimate
Lower Upper

Shape parameter 2.92021 |0.606582] 1.94359 | 4.38757
Scale parameter 7.23963 |0.675148| 6.03026 | 8.69155
Mean(MTTF) 6.45737 |0.622304| 5.34594 | 7.79986
Standard deviation | 2.40430 [0.414068| 1.71552 | 3.36963
Median 6.38570 {0.667379} 5.20293 | 7.83734

First quartile(Q1) 4.72526 |0.697779| 3.53777 | 6.31136
Third quartile(Q3) | 8.09643 |0.717753| 6.80509 | 9.63281
Interquartile range(IQR) | 3.37117 [0.588058| 2.39496 | 4.74528
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Fig. 15 Hazard function for fatigue life using Kaplan-
Meier method
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Fig. 16 Reliability function for fatigue life using
Kaplan-Meier method

Table 4 Percentile and hazard function for cumulative
failure probability

C:SS:E,:;%X © | Percentile (year) | Hazard function
! 1.49824 0.01685
2 1.90291 0.02939
3 2.19018 0.03964
4 2.42119 0.04871
S 2.61811 0.05700
6 2.79179 0.06476
7 2.94845 0.07211
8 3.09205 0.07914
9 3.22525 0.08591
10 3.34997 0.09247
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