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Abstract The reliability of control system composed of electronic parts has been studied by DoD since 1960, and
has been undertaken mainly by Europe for railways. Especially in Korea, a study on reliability of signalling equipment -
has been taken since 2000, requiring reliability test for effective maintenance of old type signalling equipment which
no longer has information on its past reliability. This study evaluates the reliability test in units of parts for ‘old type

{ parts, or failure data during operation; which was utilized
data for over 20 years. Also, reliability change at this point

n time has been estimated by using residual life span function, and a model which can evaluate the possibility of
extended operation through stress acceleration test has been developed. This model will be utilized to establish future
maintenance policy for train operating company's operati

ion on old type signalling equipment.

Old Type Signalling Equipment
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Fig. 1. Developed model for assessment process of residual life span
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Table 1. Operation and failure information of target equipment

Classifi- Necessary

. p . Collected contents
cation | information ‘

. Daily average 10-12 hours(maximum
Daﬂ?’ 15 hours)
Op}féitrlson Duration is applied as 0.5 when
applying MIL-HDBK-217FN2

Operational condition of on-board
control equipment with temperature
control function

Operati
-on Environment

informa- | 5] conditions . e
Environmental condition is GB when

tion applying MIL-HDBK-217FN2
Life span No quantitative standard on the
det ¢ .Sp i reliability and maintenance cost, etc.
ctermmation | ¢, abolish old type ATS on-board
conditions . :
equipment.
Accumulated | Introduced in 1982.02 — 1983.03(used
operation | for about 25 years without any
. hours improvement)
Failure il . e lovel of
: No failure information at the level o
fi - .
m:rma Accumulated | FRACAS application.
ion

failure No replacement case in accordance
information | with the failure of components of old
type ATS on-board equipment.
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Table 2. LRU list of old type ATS onboard equipment

Picture of | Quantity Picture of | Quantity
LRy | Pidtwe | LRU )
RCVR_s|
HSG 2715 [RCVR.S) | 70
sC_
RO 65 | AMP 11
-4M
SC
RCVR —
SA2S 69 COI\éIP-9 91
SC
RCVR -
70 PAT 42
_SA45 _34
RCVR SC- .
_SA-F 701 pco 81
RCVR .
SA-M 7

[Note] LRU : Line-side Replaceable Unit
Table 3. The equation of failure rate prediction on MIL-HDBK-
217FN2

Relex S/W
Class

MIL-HDBK equation

Logic, CGA or ASIC : A\, =(CGnp+ Grglryr,
C, = Die Complexity Failure Rate
wy = Temperature Factor

01.01 G, = Package Failure Rate

7 = Environment Factor

Ty = Quality Factor

n, = Learning Factor

I

Resistor : Ap = AT 5 g 5T
XA, = Base Failure Rate
n, = Temperature Factor
03.01 7, = Power Factor
mg = Power Stress Factor
7, = Quality Factor
7, = Environment Factor
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Table 4. Shape factors of failure causes

— - e
Mol  Failyre camse | Raty {Shape fattor

Part delec g 0208587159 $ A6
A 436

MMH?% detec! § 6188679245 ; 09

. Desiga 4496359378 R

System management | 0.014423423 864
~ o Weront i 0307658158 {68

Mo dafict
Induced
Software

8.110987791
D.15627303
0.078856526 (
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Table 5. ((shape factor) and 7(scale factor) based 217Plus

No Cause of Failure I} n(Hour)
1 Part Defect 1.62 250,373
2 Manufacturing Defect 0.96 220,191
3 Design 1.29 242,401
4 System Management 0.64 161,272
5 Wearout 1.68 251,100
6 No Defect 1.58 249,797
7 Induced 1.92 252,772
8 Software 0.7 177,141
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Fig. 5. Failure rate function of ATS onboard equipment
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k: Boltzmann constant(fixed constant 8.623x107°eVK™)
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T,: Accelerated temperature+absolute temperature
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Table 6. Activation energy for electronic parts

Activation AF(65°C)
18y

Category Quantity

Semiconductor

2.75437621

Resistor

Inductor 24 0.15

1.995335173
Rotating Device 0 0 1
Relay 52 0.15 1.995335173

Miscellaneous 16 0.15

1.995335173
Other 2 0 1
AF— g, X Arens XAEC6J)+S(SemZ XN emizs X AF, i)
[(IO X)\fc*zs)(sem% ><)‘3em225)
+(mn XAn g XAFH(SB) +(Con,, XA o5 XAF,,65)]
(ﬂn X)‘ﬁ 20)(0’0’)’1 X)‘wnZS)] (9)

=90.2199
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Table 7. Accelerated testing time for target based reliability level

Testing time(65°C)

Hour Day
1,306 55
1,715 72
2,287 96
3,278 137
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Fig. 6. Executing the reliability test by authorized agency for ATS
onboard equipment
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