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A Study on the Development of Web-based Preventive Maintenance System for the
Driverless Rubber-Tired K-AGT
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The Korean Railroad Research Institute (KRRI) has developed the rubber tired AGT system
(Model: K-AGT) between 1999 and 2005. The K-AGT is a light rail tfransit system does noft require
a driver and generally operates on an elevated railroad for transporting passengers. Accidents
caused by driverless vehicles can severely affect social confidence, safety and economy
therefore, it is very important to minimize the occurrences of such faults, and to accurately
perform defailed maintenance tasks and thoroughly investigate the cause of any repeated
failures. This research develops the web-based Preventive Maintenance (PM) system for the K-
AGT train system. The framework of the PM system is based on performing a reliability analysis
and a failure mode effects analyses (FMEA) procedure on all the sub-systems in the K-AGT
system. Out of the devices that have a low reliability, the high failure ranked devices are included
high in the list for performing the overall maintenance plans. Through registration of historical
failure data, the reliability indexes can be updated. Such a process is repeated continuously and
can achieve very accurate predictions for device operational life times and failure rates.
Therefore, this research describes the development of the overall PM system consists of a
reliability analysis module, a failure mode effect analysis module, and maintenance request
module.

Key Words: RCM (Reliability Centered Maintenance: AE4d 4 {X 24), Reliability (4 2| £), Maintenance System
(X B4 A2AH), Failure Rate (12 8)
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Fig. 1 Component based BOM management
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Table 1 A sample of the master BOM for K-AGT system

LAVEL 1 LAVEL?2...
NAME CODE NAME CODE
Vehicle KRJ-0101
Car body and Gangway KRJ-0102
Brake System KRJ-0103
Propulsion Control System |KRJ-0104
Rolling-stock
KRJ-01 |Supplementary Power KRJ-0105
System
General Control System  |KRJ-0106
High Voltage System KRJ-0107
Vehicle Electric System | KRJ-0108
SCADA KRJ-0201
Rectifier KRJ-0202
Power System KRJ-02 |Transformer KRJ-0203
AC distributing board KRIJ-0204
General Driving Control
KRJ-0301
System
Auto Transit Control
KRJ-0302
System
Signal System KRJ-03 |CBTC Wireless
KRIJ-0303
Communication
Wireless Data Forwarding
KRJ-0304
System
Railway Track KRJ-0401
Bridge KRI-0402
Rail Infrastructure [KRJ-04 |Incidental Facilities KRI-0405
Railroad Station KRI-0407
Electronic Switchboard
KRI-0501
Facilities
Communication UPS Facilities KRJ-0502
KRJ-05
System Transit Wireless Facilities |KRJ-0503
CCTV Facilities KRJ-0504
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K-AGT System l—'l Device Classification H Failure Codes
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Fig. 2 An example of failure code generation
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Table 2 Severity classification of failures
Definition C,

Level Severity

Major system damage/loss
- impossibility of attainment | 10
of mission

1 Catastrophic

Partial system damage

- interruption of attainment
of mission 7
- attainment of mission by
using supplementary means

2 Critical

Minor system damage

- interruption of attainment
of minor mission 4
- attainment of mission by
using supplementary means

3 Marginal

Minor failure 1

4 Neg]lglble - have no effect on mission

Table 3 Occurrence classification of failures

Level | Occurrence Definition C,

A single failure mode
probability is greater than
020 of the overall
probability of failure during
the item operating time
interval.

1 Frequent 10

A single failure mode
probability is more than
0.10 but less than 0.20 of
2 Probable the overall probability of 7
failure during the item

operating time interval.

A single failure mode
probability is more than
3 Occasional 0.010 but less than 0.010 of 5
the overall probability of
failure during the item

operating time interval.

A single failure mode
probability is more than
0.0010 but less than 0.10 of
the overall probability of
failure during the item
operating time interval.

A single failure mode
probability is less than
0.0010 of the overall
probability of failure during
the item operating time
interval.

4 Remote

5 Improbable
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Table 4 The relationship between failure grades and Table 5 Historical maintenance data of virtual complex
failure ranks system
Failure Part code | Failure number | Operation time (hrs)
Failure rank | Failure grades (C, ) classification 2 1 135
- ] 3 1 354
II] 7~10 Crltl.calffz?:lure 1 1 500
4~7 Mfijor a{ ure 5 ) 500
m 2~4 Minor failure -
. . 4 1 512
v Below 2 Negligible failure
5 2 512
- A o o m= 1 2 1253
33 SEAAY NEE BIlS X8 % AS ; . P
B AT ME gAYy A= Wrh gu
452 44 % A7) S Fig 5% B My 2 2 2173
2gA2Re FASAT. THE M BEA=
We 4 e HEoE o]Fojn Axgolw A3,
Wy 7z £98 A%e /MR A 748 : : :
Alz=dle] 9ol 1 oY HeHE HEFoE 5 50 42275
A Ed AvEeE P MY BEAEE 2 19 43754
o 94 Auee 5 d3H43,800 hrs) ZF FF R 3 12 43754
EA2ge ndgd wE FEldgeln, ¥ 5 51 43754
g BEN2YY AHE FAE 93 B AT p o 7
A AL &9 AU LY UF-ES Tables ol ) o 13785
gugin 7 REL 5 U BgA U9 247
5 53 43785

T Fd F/ads Tl FARFE e,
g Al FFo] A 7we WIHE F dvn A
T ol FF IFOE AT £ A, AEH=

Table 6 Reliability analysis results for a sample model

= 100%2 (BTG E RS ojn)dth AMSAA B part | Time | m ¢ | PN 8 T
g B 7M BPA=Del NP Ak BFo —_ | Number (<E)
mE 7 MZo nFEY PFANAL 24 1 |43,785]10.687| 29 | 09158 | 1.629
Atk EEAl2" 2 7 FEF9] 5 {743,800 hrs) 2 |43,754]10.686| 19 | 0.8806 | 1.556
o 7 FAF, a2la o8 o)t H (HE 3 [43,754[10.686| 12 | 0.8288 | 1709
=3 Akt AMSAA 239 B L, T 9 ke
&3l A 39l mf B, T4 & 4 |43,776{10687| 15 | 0.9492 | 0.590
Table 6 7 2T} Develoned
:":‘t::le Relex
System Part Y Error

[TTTTTTmTTooomemmemese- 7 FR |MTBF| FR | MTBF | (%)

i

: o2 ! (xE-6)| (hr) | (xE-6) | (hr)

: } 1 607 | 1,649 | 662 | 1,510 | 8.43

In 4

," Pat | Out 2 | 382 | 2,615 | 434 | 2303 | 11.93

E Part3 ! 3| 227 | 4399 | 274 | 3646 | 17.11

' |

4 325 | 3,075 343 2,918 | 5.11

Fig. 5 A sample model Reliability Block Diagram System | 1,159 | 863 | 1,279 | 782 | 9.39
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Predicted Refiability of System and its Components

~—&— Part1
e Part2
—+—Panl
- Partd

+wm
i ;

Reliability

0975 b---

0985 : o ens I s nnaned

0.%0

5 10 15 20 25 30 35 40 45
Operating Time

Predicted Reliability of System and its Components

T T T T T
; : i —— Partt
| —&—Pant2
it =—+—Part3
o Pantd

Rehiability

200 300 400 500 600 700 800
Operating Time

Fig. 7 Predicted reliability change of virtual system and its components



S UZ e R H 27 H 55 pp. 36-47

May 2010 / 44

(MTBF,)2 A=®S TA%e 4 /4 #59 173
o] ¥ H1°1E1 2XE ¥F5 7tesity, 2dH3 M
B J8 228 A3 e ¥F 1%
4 9] AS, g A A AlxHe nFoz o9
A H, ¥d F2& 7MAa e ¥F 2 93
9 7 TL T A BEFo] A mAo] AyE
A, 3 7HA BE FHYAL T UnA RE

o Wol B W Aade nae] WA
A wEs 7ES A 32w 13E

‘;—l %&EWPZP BE I EC wE EFAx
1GE A& o FA JbsEith H53HA
*E“«l “'%Fgﬂr FEAZAE F3% Ade
Table 6 © JYElRen 5 o] A3 d A F
(43800hrs)2] 2FE %  HFE ANEL
A, =1,159E-6 , MTBF, =863 hrs 24 o|&

Relex & 53] v|23 A7} 939%9 2488 B
At} Table 6o e & A Ho A A8 2 z¢
REEe 13 FonZPAS 4 £EY dA
ANZHRE FF BFA 2 FFngGhg A Al
= FolE 453 ZFAE Fig 7 F EH o
324 ugt HAHoE A=Y FA
geigh & 914 Tw29}34

2 @ A ARE G Y S, A3
FaZo] LE N Hse 3P 2 A
%+ ek

4. HI1E o YFYH] A LE TR

K-AGT Al&E9 1 agn A28 §3)
B o]l AFA AE BAE S8 AEd ¥
FARAZA AT 90% 7|ELo R HoES o vt
g8 A A 1Y FHo ¥ 1%L M

[e]

2 ATNME AALLE FHuS o
fEAS AARSNA PR Baw ¥
o 5% % mToﬂ %xm 2 R o

73

g ol7|™X I djojEHojA HA
7 A u A 2ge A SR 43
A AR BHE B9 2EE Jdungngoe] wa
A FAA nAEF w2 1FL 7HA FA
& M v/ ALAE Sl Hrgdsta, Fu)/A
F BHE A 2E
AU Al 282
Al A AR BN 2392 B8 FYs)
o I A/t FAHL, O Au/AF dFAE
o MYEHEF HAAHUL. A2=7] o} HAHE Fig.
8 o YEHUTE A"l A §H L ol 7
o] r[dteja, IE]e] s FH-L ISP & Java &
AbgEtgion dolEHolAaE 28F 9i B AME
stk B A & delejulolat: MW
A&, G, FAEF &4, FI4E 1
g3t FH3IAT. ol & Al dolH RdI S
B3 A3 vz HH 9 dojEdela T
22 AAER L, dFARE 4L B9 d
olEjHlo] 22 AT T, dolE Y HEY
3 ol FAE it v & & J=FE A
AGAol wtedstan, 4% dole e e A&

DY SEHAAY

I
) ¥ [} 13

89 f RS EY mYyes | o Buey
l 2022 | b VSRR A WSRO | e HUARN
N 2393 Hu128 3
= ME|T HZE S <
i Daa A2 Pl M3 4% 2N PR - 2
s e L, suzey
;

Fig. 8 The architecture of preventive maintenance system
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Fig. 9 The preventive maintenance system ERD
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Fig. 10 Flow diagram of Reliability analysis module
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