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Abstract The first driving device of the power bogies for the Korean high-speed railway vehicle consists of the
traction motor (TM) and the motor reduction gears unit (MRU). Although TM and MRU are the mechanically
integrated structures, their time between overhauls (TBO) have two separate intervals due to different technical
requirements(i.e. TBO of MRU: 1.8x10°%km, TBO of TM: 2.5x10°%km). Therefore, to reduce the unnecessary number
of preventive maintenances, it is important to evaluate the optimal TBO with a viewpoint of reliability-center
maintenance towards cost-effective solution. In this study, derived from the field data in maintenance, fault tree
analysis and failure rate of the subsystem considering criticality of the components are evaluated respectively. To
minimize the conventional total maintenance cost, the same optimal TBO of the components is derived from genetic
algorithm considering target reliability and improvement factor. In this algorithm, a chromosome which comprised of
each individual is the minimum preventive maintenance interval. The fitness function of the individual in generation
is acquired through the formulation using an inverse number of the total maintenance cost. Whereas the lowest
common multiple method produces only a four percent reduction compared to what the existing method did, the
optimal TBO of them using genetic algorithm is 2.25x106km, which is reduced to about 14% comparing the
conventional method.

Keywords : fault tree analysis, failure rate, time between overhaul, traction motor, motor reduction gears unit

FrEe sRagy v aws e BAAAE ST E 1S 20A)d AT E FRE e
"Corresponding Author : Chul-Su Kim(Korea National University Transportation)

Tel: +82-70-8855-1649  email: chalskim@ut.ac.kr

Received October 23, 2015 Revised November 30, 2015

Accepted December 4, 2015 Published December 31, 2015

8700



NEHEATF 12 TR e SRS H Y HH 7] B}

d - AN EE A 1Ed HA oA R (preventive
maintenance) 5714 o] @F-E T WA o]E FEE
of et AFE F4 X EI(Reliability Centered
Maintenance, RCM)7|®-& ©]-§3 g4 - g&3<
HEyE FadgAAe] 50 Fas8th

@, Sl nEH e 12} Ao =8 T
2 Q™ F7(traction motor, TM)9} FE 7H7]
(motor reduction gear unit, MRU)+< [Fig. 113} 7+°] TM
o] 3]4¥& MRUS 7]ofulel] ofsf &4 s|d,= 4
sk dAE ZHA T o] 52 w31 F7](Time
Between Overhaul, TBO)ol| w2} ujil FAJol] &5-2} 2}
HE FAdTh 5, AJAEF7I(TBO: 250%km)9}t LEH
7H:7)(TBO: 180%m)*= [Fig. 2]9F 7o) TBO?] 4ol
o= Qlate] Edash Aujag B 7 E AskE &
g gich webd Sl sk w2 AAA - AE e -
A - AREE T RAE] HsidE AddE7
o} HEZE7]C digk H49 TBO H7PF B8

At AR B Al Bk AT
& ARy, oYl 3] EAIEEA ] &
tolE] #2415 ¢ wmoja|=gle] ehdia] A

ARz AHE AT ALl S14]

w
W
—_

\

L3
2 ool M o

oAy o HT N o
fo g

=
ioﬁ,l"-?i'l
0 do
T
o o
o
oo 3
ngﬂ% ﬁ
T M
Bige
o =
| o
T

LR

of

N

2

hul)

LR
ol
rot

re o
-
e
o
=
_?‘_',
>,
o
©
T
k=)
=
=

o

=

=

N

N,
)
o

re
K3

__U
4 2
o 2

o T W

=

o [l
i
| TS
ko
ro
o
S
M
o
=
N
N
Ll
2

oo
I

[o
R

it

e

__)&‘

oo
A
B
2
H
v}
@)
N
N
e
ol
N
N
ol
ol
K
2
3
ful

8701

J) T T T

Fig. 1. Driving device of the KTX
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Fig. 3. Criteria for preventive maintenance schedule of
KTX subsystems
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Fig. 5. Improved reliability of the subsystem with

maintenance types; Overhaul (TBO or HLO)
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Fig. 8. The flow diagram of the optimal TBO evaluation
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Table 1. Parameters to evaluate the optimal TBO

Parameters Value
Total life 12,000,000[km]
Individual 80[per 150,000km]
Target reliability RM,,,= 0.95, RM,, = 0.95
Improvement factor 0.5< 4, <1,05<y,,<1

C, = 27,526,890 [won]

Prr
= 37,680,194 [won]

Preventive maintenance

G,
cost “

G,,= 52,296,945 won]

Time between overhaul Co,,,,”: 7,759,224,984 [won]
cost C, = 4,012,331,784[won]

Otm

Service failure cost C,= 100,000,000 [won]

Tolerances P = 0.001

Reliability

0 1x10° 2x10° 3x10° 4x10° 5x10°
Mileage[km]

Fig. 9. the reliability change of each system on the PM
schedule

Table 2. Comparison of Mileages of MRU and TM at
each TBO for each model

conventional least common optimization
method multiple method method
MRU | T™M | MRU | T™M | MRU | T™
[10°km] | [10*km] | [10*km] | [10*km] | [10°km] | [10*km]
I 180 180 225" 225"
i 250 270 450° 450"
3 360 360 675" 675"
4m 500 540% | 540% 900" 900"
5t 540 720 L125" | 1,125
6" 720 810
7" 750 900
" 900 1,080" | 1,080"
gt 1,000° | 1,260
10" | 1,080
n* 1260 | 1250
Subtotal |  7th 5th 7th 4th 5th 5th
Total 1n* 9" 5t

" overlapped TBO
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Fig. 10. Comparison of total maintenance costs among
3 methods
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