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The Design of Monitoring System to Optimize Points
Inspection Intervals
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'Division of Railroad Electrical System Engineering, Woosong University
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Abstract  The control module controlling points has become high-tech. but the introduction of relevant
company's inspection intervals and methods, and the adoption of the way which is used in relay interlock
system became the cause of a failure by excessive and incorrect maintenance. The Human error in failure
recovery process can cause vital accidents including train derailment, the points monitoring system could prevent
this problem by monitoring points' operation condition in real time. After conducting the changed inspection
intervals that applied the results of the criticality of each failure type, MTBF, MTTR, availability, maintainer's
opinion, the work became simplified, and , the failure did not occur for 4 consecutive years in contrast to the

previous annual average of 11 failures.

Key Words : Point Machine Monitoring System, Criticality, MTBF, MTTR, NOR, RCM, XOR

=2 A2 AlzARe] HaL

1_ A'I o = [ R = U =1s

oA glol B 9713 Az duae+ES EYstA
AApe] &, AL e dedsyzl AxE & W FEel o8 AdFr1E AAske] vasAd da
7|5o A dojuyy] o] Heket Hy W Hurp o]F AR o= Wl Aoyt HAYsiaL glo] HEFTI

ARA| ok& A HFALR oo = 9= a9l 7b Aol Hid Fstehrh Badh Aol
23 9le] ghEt g R4t AjHoz M qsict olo] whet HHF7] /MAdE Sl HA ;e o] AR
HAA gREe TAHE $7|He BUF npEge] Y] AojAEel 2 HekA g Al HE7
27} ARE AZATY|(NS-AF) F= nfadElddr AL BANGS A% 23, A 23 s
7} A2 ARABVINS-AMYE ARgskEA] dsr] o ARMEY] BUEPAILRRIE dAskl, A=4d7]
ol glE v S0 43 cf2 3 ATAdo] AodE o] Qlok HEG-X]E43(RCM : Reliability centered Maintenance) S

S

AlRYste] A7) S olF & AATHBIL

*Corresponding Author :
Tel: +82-10-3390-3321
Received April 02, 2013

In-Taek Lim(Woosong Univ.)

email: okdjet@nate.com

Revised (1st June 24, 2013, 2nd July 1, 2013)

3444

Accepted July 11, 2013



ARdg7] JHer] HA3E A HYEPALE A

2 =EoAe ARAA7IRIRA S Alfste] A
&l XY= (Criticality), W11 A7FE(MTBF : Mean Time
Between Failure), Jgﬁ%—?—Jﬁ(MTTR : Mean Time To
Repair), 7H-E(Availability) 5 HZHFA d|o]E(55%)2}
SRR HET 59 Bk, DAL
dlole A=A, B7e] Bad 5 4K dolEldsN)E

urofste] AmetE HU%7] HA} Wele AXsH
[4,5].

2. 227 BLIHZAA"> 27
2.1 MEHS7| MOAIAH 74
A=A DA AMSh Ad=AdE7] Alojrs

(DEWEMO : Decentralized Element Interface Module for
Points)S Ax}¢15A](SICAS : Siemens Computer Aid
Signalling)oll 4] Ao H& 4=Algte] H2H7E Ao
g}
Aoz e Alo] 9 F4A], A7 F5 AYA
Fig. 19] ()¢} o] 2o ofsff Aloles 14
gt AloIA A Y Z(Cage clamp)HA 2 FAH o s
of ot H&Ew Aozt T E ] s —TL’“EM"‘E}

ol&

[Fig. 1] Cage clamp & Voltage measurement scene
(a) Cage clamp (b) Measurement scene
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[Fig. 2] Points Monitoring System
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[Fig. 3] Points Remote Monitoring System
(a) Construction diagram (b) Monitoring screen
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[Fig. 4] Failure detection =
(a) Ground failure (b) Disconnection failure

[Table 3] Criticality

= - Sect . "
3. MAH=7| x™35} ion | Failure Mode Cﬂtt;,ca Note
A Dangerous 50 The operating delay
= failure of train(10min)
31 Y@= Y 57| ; .
~ ~ B Operating 10 The operating delay
Table 1-& TA|EE 97| ¥ A & 4 7|5 delay of train(5min)
AE w5t Ao, U3t AZHE7|(NS-A, NS-AM) C Functional 3 Need for
o] HAZI} 1ML ~19 Ax Ho|7} L= AL o 2 failure replacement
. . The failure without
AUtk D Simple failure 1 train delay

[Table 1] Inspection interval
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[Table 4] Failure mode analysis $E AR & 4 = HAELFAMTTR)S
Repair . . ofg A|3)ell &8l AhEFITh
Date time Failure mode dT;ﬂ;l g }g,c
(min)
1.11 18 Simple failure none 1 /ZI ¢, o
1.19 21 Functional failure none 3 MTTR = i=1 :i’*]g’ 3)
1.20 15 module error T6sec 3 n g
1.22 18 Simple failure 2min 1
1.26 20 Functional failure none 3 A" FEHARES d5d = e THE
1.29 8 Functional failure none 3 (Availability)> o}2ff 2l(4)ol] &J3)] Ar=&3ict.
2.18 17 Simple failure none 1
327 | 16 | Functional failure | 3min | 3 Nes = MTBE 000 @
% 5.01 25 Functional failure none 3 MTBF+MTTR
g 5.11 5 Operating delay Smin 10 i
7.29 22 Functional failure | none 3 Table 5= (1), (2), (3), (DAl &l X7 = (Criticality),
8.01 5 Functional failure 3min 3 W LHAMTBE), B2 HA(MTTR),  7H-&
8.27 11 Functional failure 2min 3 (Availability)& A&7 Ato]o.
10.18 7 Functional failure none 3
1121 19 Functional failure | none 3 [Table 5] The result of reliability analysis
total 227 46 Section | criticality | MTBF MTTR Availability
227 13 Functional failure | 3min 3 2007 46 584 0.25 99.957
3.05 8 Functional failure | 4min 3 2008 21 1251 0.13 99.989
3.22 10 Functional failure | 4min 3 Total 33.5 796 0.21 99.974
% 4.15 6 Functional failure | 4min 3
g 5.04 5 Functional failure 3min 3 3.2 MA=7| JM
7.17 4 Functional failure 2min 3 321 AE|A 2AZT} B
11.18 9 Functional failure Imin 3 _
I . AER] R ARHW] Ao nEL 13 ojxT
T e TA7E YA HA Y HHFTE AT 5 e
o] ql7] wjiol Al=Ag7|eE fARSE AlHE 2|
3.1.3 1YC|olE MF 7ke] AA O 2 Table 6~99} 70| | (Criticality), 7
PR E EAEe] S ARl I vIAe FuALAMIBF),  HFELAMIBE),  7H4E
BEE o = Qe A¥Ee aAARE 8 dY g (Availability)o]] el 77bd g9 gk wredsigich
ofel 4l(1)ell ofa) ArEshlct
[Table 6] Criticality allocation
ARG = (Ax50)HBx10)+HCx3)H(Dx1) ) Criticality | ~10 | ~15 | ~20 | ~25 | ~30
OE|7IH, A SH;,F_;Q' Value 10.5 11 11.5 12 12.5
B : o Criticality ~35 ~40 ~45 ~50 51~
C : 7|%53# Value 13 13.5 14 14.5 15
D : Y1 A
[Table 7] MTBF
AlAEO] JAFT|E A&T = e WS MTBF | 8760 | 4380 | 2920 | 2190 | 1752 | 1460
(MTBF)& olg] 41(2)o] 9Jsf Al&3tc). Value 7.5 8 8.5 9 9.5 10
~ MTBF 1251 1095 973 876 796 -
MTBF = OoR(f)df: ’3’;%03 ki ?) Value 11 12 13 14 15 .
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[Table 8] MTTR

MTTR | ~ 0.08 | 0.1~0.17 | 0.18~0.25 | 027~0.33 olatel % A7 dA ALletaL AREFHE AAS

Value 115 12 125 13 t})

MTTR | 0.35~0.5 | 0.52~0.75 | 0.77~15 | 152~

Value 13.5 14 14.5 15 [Table 12] The methods of inspection intervals

Section Value 3 Month | 6 Mounth lyear
[Table 9] Availability Long 60 - 79 o s o ;

Availability | 99.999-99.991 | 999899995 | 999499993 l l

Value 75 3 8.5 Sustain 80 - 89 maintain the current state
Availability | 99.929-99.90 | 99.899.99.88 | 88.8790- Short %0 - | |

Value 9 9.5 10 | |
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ol wrstaint.
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e AEE AASIT
[Table 13] Adjustment results of inspection intervals
[Table 10] The questions of each inspection process Voltage Motor Control Indicator
Bilue Ouestions Val Before 6 Month 3Month 3 Month
elenents uestio aue After 1Year 6Month 6 Month
Clarity of Degree to need detall.ed 1nspe(?t1on
fail because of many hidden failure 15 B ~
arure factors. HAHAF71E HAsto] 4d B fAESE A3 4
Factor of | The degree that inspection factors 10 I}, Table 149} o] X|WYX(Criticality), B4
train delay | have influence on train delays (MTBF), BFE7FEA(MTBF) “0”, AH]o] A e &
ot | nenee diaty on sy ity | 5 o o TEECualiol e [0em g
u u _ =
Y Of Sy quety SF 9 AJ2"le] Qb A goll A 7] sk
The degree that inspection lists are
Need to
. . absolutely necessary for system 15
Inspection operation [Table 14] Analysis after adjusting inspection intervals
Section Fatal | MTBF | MTTR | Availability[%]
3.2.3 ¥HFI| L ¥=HY > 00 0 190
47 7719k FREAS 99 AN AR 57 L T L S o
2011 0 0 0 100
X ATKTable 6~9)2} SX|H5Q o)A Table 1094 o2 5 5 5 0
Z2NAE ARAE HH3lo] Table 113} -2 A=
o Average 0 0 0 100
= E)\)\E]—
[Table 11] The question results of RCM & per process
Caleulated | Cyigicality | MTBF | MTTR |Availability 4. BE
13 15 12.5 8
78.9 Clear Hidden Safety Delay AR2AZNE 23S BE ASAAHFS] FHS7] A
) failure failure hazard factors _
e | fae ) b )R e ENE ANPhel §AES09 it 43
3] vk slolopal Aol Aaw BAe 44 4 ot
= A A O 2= Al P B2 R X g i Re)
)% ms A AAS ARAs away] L BHASEE MM EAAE YN

23l Table 119] AF=ZAT}E Table 129} o] AHFshe
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B4 1§57 9 Tl E] % 914 2F(Human Error)
2 2% go] WAstect,

olefst BAIHE BUEUAAYS A5, Ay
42 Fo A =(Criticality), HatilFIHA(MTBF),
B3k HPIIZMTBF), 7F§-B(Availability) 2 AHE3}o]
ARS8 §ARao) oz
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