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Field Reliability Analysis of S—-Bond of AF Track Circuit for
Automatic Train Control System
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Abstract - This paper presents a reliability analysis of S-bonds for AF track circuits, which detect train movement and
transmit a speed control signal to the train. Field survey shows that S-bonds are exposed to very large vibrations
transferred from rail, and suffer from frequent failures when they were installed on ballasted track. We collected the
time-to-failure data of S-bonds from the maintenance field of Seoul metro line 2, and made a parametric approach to
estimate the statistical distribution that fits the time-to-failure data. The analysis shows that S-bonds have
time-to—failure characteristics described by Weibull distribution. The estimated shape parameter of Weibull distribution is
1.1, which means the distribution has constant failure rate characteristics like exponential distribution. The reliability
function, hazard function, percentiles and mean lifetime are derived for maintenance support.
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Fig. 1 Configuration of track circuit.
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Fig. 3 Test probe for vibration transmitted to rail

g% 4 85 59 B

Fig. 4 Test site of vibration

A2 EE S-bondel #FAE T4 A7NE
sto}, AR e R A, G T3 Al H Lol
e AR, =29, Hag st B2 ARdME
T wyor F3& APstArh FHWHEL, Fig 3 3
Fig. 4o Hele A AY A% A5

Aol HAFsta, vt 4 B ddel 2@ fiH
o 4995

o
)
ol
=
2
I
N
N
re
>
ity
X
A,
&
A
)
R
oft
o,
B

ES
Fights Ageddn 2 g A=E ez 37t
zS) z

dde FHIaA whA vz g, ALl TheA e dE e
Nzve wEs 4% 248 dEAG, 29N AR
Ame A&t 284S uyes SAT daoli, &3
B A=DE AeAst

434 893 €82 ARQ)E ¢

W A JERT 2~3%80 $ANFOE ARt MwE
= EAEES SGBAAA, ol 2E 2

A FAsn ge =AEEY 298
Agol wrEAoz d9e NP oA, U] YA ol
f1&= S-bondel Lol H¥E F AtkE AL L & A

309



BRBEH 5848 23F 2009F 278

123458678 9101112131415 1617 18 192021 2223 24 25 26 27
=3 AAs]

ad 585 £ &9

Fig. 5 Results of vibration test
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x 1 S-bond % OlOlE

Table 1 Time-to-failure data of S-bond

¥ A= 2N
1 234-220T 15
2 211-470T 52
3 218-370T 84
4 218-390T 111
5 223-020T 113
6 218-200T 130
7 218-330T 150
8 218-470T 150
9 218-340T 166
10 218-280T 205
11 211-470T 329
12 218-330T 334
13 211-3-121BT 343
14 223-070T 357
15 218-420T 368
16 228-660T 370
17 223-120T 380
18 211-450T 450
19 228-550T 474
20 234-600T 524
21 228-560T 525
22 228-700T - 551
23 218-310T 628
24 218-470T 631
25 218-350T 674
26 211-480T 696
27 211-500T 702
28 223-020T 708
29 228-700T 717
30 228-560T 722
31 211-510T 735
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Fig. 6 Probability plots for distributions
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Table 2 Estimated value of Weibull distribution parameters
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Fig. 7 Probability plot with 95% confidence interval
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Table 3 Estimated value of percentiles

o2-2(%] AU
0.1 82
1 67.5
6 354.0
10 575.1
50 3204.7
99 18017.1
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