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Reliability Growth Assessment for the Rolling Stock System
of the Korea High-Speed Train
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Abstract

This paper presents a procedure and an analysis method to evaluate reliability of the Korea high-speed train. The
rolling stock system is divided into 6 sub-systems and each subsystem is classified into sub-assemblies. Functional
analysis has been conducted to draw reliability block diagrams for the sub-systems. First, failure rates has been
calculated for each sub-assembly from the failure data obtained during commissioning tests. Then a reliability block
diagram is used to evaluate the MKBF(Mean Kilometers Before Failure) of the sub-systems. Activities to increase
reliability have been carried out throughout the test runs and analysis results show that the reliability of the rolling

stock system is gradually growing in time.

Keywords : High-speed train(324-¥X}), Reliability assessment(A1&]4 7)), Reliability growth(A12]4 4%, MKBF(a1

A Bt =)

Mol argsie) 194 Bhes
ERS LI mE
A 2009 A 9 AepiolA 9] 3ol oA o
o17) ThEo) AHETIE 3t A BES A Fol ek A
~H] o] RAMS(Reliability, Availability, Maintainability, and
Safety) = 7)ol BH dAls ALY B9 o] Q AlA
go] el A5 dAlell oler o] dAlME AlA-e] Al
2 a4z FAL gt BHlHA e AlReE oSst
1 Pl BAE YRk ARlE S % BEL 5
SIeH1]. Aol g ARl ATRAL AP LE
T SPAlAF | thste] gt B -Gt 7k A|oko]| &

1k 52

3 2=, Aed 77 Be 27] 997

o2

AKX, SR, StREEISHAR, DSHCAAC
E-mail : schoi@krri.re. kr

TEL : (031)460-5209 FAX : (031)460-5649

*  BIREFCI|SHIR DRI A

x»  SIRFEI|SHFPR JEB MG

—

kI
o
oX,
b
mlm
*
_?l‘.
&

A1 2] 4] 91Z(reliability demonstration)
). dE Fof A S-S ok Ue KTX 2L
Apo] 74 A= g rte) A e “8 uAt Wy
(Mean Kilometers Between Service Failure: MKBSF)”
el Adee] A Ee AlERE 49 B
AI{A A7 o|djof 20 A et 22 12709
F7} 121,000km o]4e] H= ZAg A= F3
11} AU Ao AR B7E Heise
o] 4oyt wﬁﬂtﬂ KTX 9] A=A dFolre 249
bztel A3 ] 108 o) AR 39, ke
A9, 2 Qe Atedo) et
Besfel Asie RIC SR
A=A YA, T2 Gl Aol o4
o] A% 75, LAl 1] fglo] Ar| EF Ee A
Molup A& 5] AldEf o3t A A2 A A== Y3l
A AEtT) o)A Y A= g7t Al a2 Y

N 1 TS
o & > Bope ot
% i
ol _l>.

E

R
?J
2y

Dl o

otz H
o
E
B
Hu rm

()
=2
2
o

o

2o

k]
o
o
% 2 o

1
R

)
-
N
Y

ol e ot vl Fasicl

WFYTEGA G B QAL $9 AT A
@ S AAYRY Aol Be Aol HET o)
wel 27] 12 ool 44 ek Sl Al kel



@ et uhg ch2r] tjRe] FAT 2

2 s ARy aFRAE AP

4 ARIGRY AT Fa B )

51 ule] A5tel 9 obgel, 2ela ) Al

A gholck o} 9fs) AeH HYE B

HEste] Alsy H71E Sastn 1Yl
1ok A7) E Ay e AR A

=9

flo jo o
M
R
w2
ox ;}?

r{o

X

W 1o mu o AL oo
Qo>
B )

>
1>
o
tlo

[e]

gEE 5] 4—3”511 = \lil
713ttt ARk A 9] AlEA ”"7}—4 EAET} A Al
& B3l dojxl TAFRE o] gsfo] AhFe] 2t sHEA|
~glo] Mg S Hrishr) Yste] A8 Duane 447
wdo] g B 7|&3itt Duane 447 2HES AMSAA
(Army Material Systems Analysis Agency) Wit €7 Al
AHlo] AR AR Wrsl] el AbSEle A
9] alLfoli2]. AMSAA e BAA Mg Fol A
47l gt Aag A} Hejel 3 =&3ttt WhH Duane
/\5]%]— EE\L_O_ H]"Dﬁ 14_9_ /\9,] E-_E’_oﬂ 1:].]3]_0:1 Ezﬂx-l X—LQ.
WS AR oM E, 2IdE| JHES AL 4 9l
oo TAS} 3 4= Q7] gigo] 2 dto] AEstrh 2 =
Hoj A& o] Duane?] BElg o]83t A=A 473 BH7tolAl
AZA S Y3 NNEEY] 5T VT 4 gl
of thsto] thETh

2. JhE BRI MEY ¥Y A

Criticality Analy515) ﬂi] J B-E 41 =(Reliability Block Diagram)
mdg el 1A= BA(Fault Tree Analysis) 5o] 1 9
Ik, FMECA Al2:819] Fjobgolut o] ofake AHIS]
wajgtoam Al2El Azl HX3e) APHoe 2ot 4
otk AlFA BEXTE= AJAEIQ] 14F5]8(fault tolerance)

¢}

00 O

JITWNAGAL AFSAARIO| AlRJY AT T
& K9 HI5¥ 2006 607

o},if
= b

mi}
s
2
o
Rl
=
b
N
2
o
2,
=
ML
B
N
AU

N

[

)

o]

)

0ot oox (2

1 ol N

rJ
1,
P‘L
k=
T
2
i
2
o
a4
Fo
ot
2
i
rlr
oo
il
Am

i o ox ¥

i
=2
ox
ol
Rl
Ho
)
&
ox
=2,
s
i1 r
S~
Ol
o
)

A
ol
o

2o oY e
o
LT
P
ol
o

T 9
>
>«
uij
o
[e]
-0,

S oX
>
N
rir
i)
o
=2

u N
£ 4y &

E
1o 1o
N,

)

r.l
W of
_Ql’.
ki
N
Bl
ok

2, o
>

o
QL
1
> &
> x oy
> o
o >
>.
r%tl%
filo
of}
ol 1:1&1
ETS%“T,
B oo
%nﬂ ”‘L
o o i &
r\l
mt?iL
iL
hﬁ
@F
o]
E%
L = i o

N
12 Fo
TN

% 1 §}7:L_ x-lx4o]

ol9je] AlLgof ozt

m;%—&

o
©

H/\‘l /\]ﬁl(Test-Analysis-Fix-Test' TAFT)S
o =3 x| /\]/\91_4 A]Qx—] AAye vha)s)
A

d

ol

ofr
C E
T“

O
ki
0>~1
)~l

>,

N
ol
2

T
o2 .
)
rir
_t;
mlo

2 et Aol £l
VA9 A B Fol A AR ALATDE
Sl Ik B 4 Q] o] WAl AeHE Falol
A S B AT HHE stol F5 At A

oA =2 AFAS FEE 5 =S Ttk

System Validation

Reliability Demonstration
Reliability Reliability
Criteria

Manufacture

3

i

|
Modification !

Fig. 1. Activities for reliability growth during RAMS life cycle.
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Table 1. Classification into subsystems and subassemblies of the
Korea High-Speed Train system.

SUBSYSTEM SUBASSEMBLY
PANTOGRAPH
HIGH VOLTAGE SAFETY DEVICE
ROOF LINE
ELECTRIC MAIN TRANSFORMER
TRACTION AND
BRAKING AUXILIARY TRANSFORMER

MOTOR BLOCK
TRACTION MOTOR
EDDY CURRENT BRAKE
MAIN CONTROL
ATC/ATS
TRAILER CONTROL

DRIVING, TRAIN

CONTROL AND
DATA TRAIN CONTROL NETWORK
TRANSMISSION DRIVER'S DESK CONTROL
DISPLAY UNIT
AUXILIARY BLOCK
ELECTRIC POWER BATTERY SET

PRODUCTION AND
CVCF INVERTER UNIT

DISTRIBUTION
POWER DISTRIBUTION
MOTOR BOGIE
MOVEMENT & CARRYING BOGIE
MECHANICAL CONNECTION
BRAKING BRAKE CONTROL UNIT
AIR BRAKE ASSEMBLY
DOOR SYSTEM
LIGHTING SYSTEM
COMFORT FIRE DETECTION
FUNCTION  |HVAC AND PRSSURIZATION SYSTEM
UTILITIES WATER DISTRIBUTION

PUBLIC INFORMATION SYSTEM
VIDEO
MAIN AIR COMPRESSION

COMPRESSED AIR,
TREATMENT AND
STORAGE

AUXILIARY AIR COMPRESSION
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Fig. 2. Reliability block diagram of the movement and mechanical
braking system.
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Fig. 3. MKBF curve of the electric traction and braking system.

3[——MKBF of Aux. power system |

= |

= 1 o=054

Hj ] 44

¢ ] o= 0.

= ]

; t t
30000 60000 390000 120000 150000

Mileage [km]

Fig. 4. MKBF curve of the electric power production and
distribution system.

—— MKBF of D&TC system |
E
=,
w
[20]
X
b=}
] \\A\f =002
30000 60000 90000 120000 150000

Mileage [km]
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Table 2. Examples of faults and corrective actions of the braking

system.
Y 43 4 99l A
2% AAAE | BCU ofdAE | Al ECUSAE
A 274 AN EE 48

27|18} &5 gz E A

CPU AojHd

Loz ECU 24|

A

1L

7] A Aol diSskAl ZHE nAks ws)
o] WA ofxdo] o] FFof sy WAYTH
&l Ader] v #4495 AL ol
& AB7FE 4= ek Fig. 6] )9} 2o A|2g
HA85& Lefsto] MKBFE thA] At dikE
et WAdZF FEt adel ofgh ggko] Holsl
AMF A ol Fof Alg)do) Hies] A
Stk Fig. 700l AlsAlLR o] A 23S ¥
|o] MKBFE 7|E9] MKBF&} 37| A8}

%
WY
1w
o

2
rir

& 2 K o ox
o
N

=

o

N
b gl rfr 4N
Ol
;3_ 3
N
BT

>
o
>

@,

o

Al

ool

rel,
=
o
4r
J
P4y
o
At
Rk
N
=
S
[l
o)
3
i
%

BA A" g XjgkAj A8 o] MKBF ¥#} 220]& 18} Duane
o) Al 4% malS o] gaty AlFA JGES A
t}. Duane @2 Hjw 2 A2 49| | tfsteim 47 4l

A AES AL 5= oy R IeE o]45]

rE I

A
o

o

oM

o

ni

e
4
o@

I

R ARRNAE i A ET

UFREQO=EF NoH K52 20063 611
o). 53] QRPN AR0} 2 ALAFS] Aol AeH
4 508 TAFTE whashulq Xhap Al 2 AHA)A5)
s 2 RS NS R e e B9 28
S ARL U ERES PR AP DRE e
of@A G 3 YeAE B Aol Fasht
AN AR) AHALEY ARae Bk A %
WA Z75keA MKBEZ} RubA 0 2 715kA)er 2%
AEAZEOAE Z719) 8 thizel] Al2g AAe] o
Azl 47go] Duance] A4 Blef WA gk AL o
% QL% o] 79 WAISE A ool TR 23] ARRME B
Msfol, BUL T WASH S RO WHEE AL
ol melstel WAEL AR Alste] AR A4S B7H
v

¥ 7l
¥ AP ANDEYR REHEIEABAIG “THEE
AZE A2 8 SGEREP A AU SIS

R
=

E
Al
re

I $EerjadTy, “DE&FRALY 484 @ $9a83) 7|
< N, &EL7|e/ AR 3APA = R4, 2005.

2. MIL-HDBK-781A: Handbook for reliability test methods, plans,
and environments for engineering, development, qualification,
and production, Department of Defense, 1996.

3. olHiE, AT, A, WES, w1459k A=Y T
AA A" FESERI] FANELAE =FA, 2005, pp.13-16.
497, Aoyl A=eFs), @Al 2002,

5. ASY, e, TEA, ofHE, H7IE “aeE 1&g B
Y A 29 AR oA A et =2, A 7, Al 4
%, A Eslsl, 2004, pp.356-359.

6. MG, B, A, oldE, A3, ey D459 4
Alzgle] A 7L S desd] = R, Al 84, Al 5%, &
FHZES], 2005, pp. 434-438.



