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A Study on the Reliability Improvement of LRT(Light Rail Transit)

$AFY, BN L, SHEF
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ABSTRACT

Special, high technology developments and systems improvements become more
necessary as the industrial society is becoming complex. When some systems are
developed, it is common that developed systems have low-reliability in infant
period. Some developed systems need tests to improve their reliability up to the
respected level before adapting them.

This paper aims at showing the testing program including the reliability growth
model for reliability improvement of the Light Rail Transit
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2. AFAAAN2HY AR =Y

2.1 74

1) ZA3A"E x2"e] ) 71x] 39 Al 2" (sub-system)2 5 Z Z(series) TZZ
A%HY ow 1Fe] LAY A nFAALE HIEA ul 1A Y Alz=H
/N B 9 @& £FY REAANZ FEEAGD

2) 7+ &9 AN2"EE FASE FEEF Y Azde nFELS YA fl‘} 2+4=(CFR,
constant failure rate)o} ™, %%’01‘:} F, 2 3FY FHYEYE AFEXE WEY,

3) A(ZAE, failure rate)S B 27t (mean time between failure, MTBF)9] <
T, B T4 E Yox 071!’4 (mean distance between failure, MDBF)Z Y+
#oz 78 ¢ Atk F, 45 A (), A )9 23]

_ 1 A
A= MTBF = ~MDBF D
A% 7]7HECH HEE
uTBF = 2% 7]}\]% 7]77;}%—0} _'10}1%(3 £ A=) )

4) A B7 dEe BBFRAEANLY Y AFA LR es A

22 AFAAANAHEY EFNIE

AHFA é’\]"‘*‘«l AFgA 2] g EAARY VEd o 25dFEAg
%z 5d Aol HY Ay AZ MKBF= 150,000km/3(¢F 411km/¥)& EEZ
iy ﬁatx]éz\])\al,] ERNIAEE HAASII 5E AlAdHEE EFZASE w3
71 9384 PRT(Personal Rapid Transit), MPM(Morgantown People Mover) ¥ 7]€}
A8E E&3A F Uidel He AEA 2% 194 i}%"]—’:@"] oF 159tkmE F 3
g o FAF e YA o] BAdE HFE 132 e AL BEE 31
Aol 2 A AFA2ES ] YA 7‘1]7“7—‘4°] HAgGFo] ot o}
e <E 1> <O 1> AFAHY 3273 A7 £39 AFA 2o} [1]

<E 1> ANgde 23Px407 42

Y = W §
19 337 9A | 448/d o4
19 BFgRAS | 1208/ o4

19 FFLHPA7H 10413+
WA e 2% 194
i3 &= 30km/h ©]¢ <AFP 1> APAHNA £898 AFA2H
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3. 434A AN2d9 NI
31 7Z3AE AFALH AFx

A2EE TSI e 948 AY Y N2l BEE BE T
dAsE AA" AATE 7l5E FAEA HEE RFo] AEH

AA Mg A= 4 Q)3 Zo] AME & Ao

= seE 7ol
e AE 729

o]
o]
Ry = R ‘R, R, = zI;IR" ............................ (3)

, Ry A2Ho] 75T B8, R, ¢ 94 9 A2 AFE,

nF oy AN

Y

Zt 319 A" AFEI ANFEIXE WE F$ AFA 2 AIEE L 4
(4} o] Aitstch a8l 7t B7sd A9 MTTF & 48 7153 3$-9
MTBFE& o1& 4 (5)F o83l 7+ = Ut}

Rsys(t) = ,I:LRi(t) = e-—(/h+/12+-"+k,.)l ........................ 4)

fow = Mtdrbetd, = 34

MTTF(MTBF) = —— or $9%%0|®d MTTF,, =
A

2
a

32 AFAE AFALHL AFPx A4

A7z AFALHY B AIR(REHFTA AFUAL EZNUIHE =115/
= 4 (D8 o8ty T HEZR, WA 4 3)g o]&st Z 3¢ A2 313
EE ALE F 4 QWE ol&3ty AIA=E ALY & Ut 23 4 (5)E o] &3ty
A
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<E 2> AFA2EY 59 Aol B nFEFH AHE AN

System 1ZE A E( =115} MTBF
R, 0.000516 0.9423 1,937h
R, 0.000320 0.9639 3,129h
R, 0.000012 0.9986 81,723h
R, 0.000006 0.9993 163,421h
R; 0.000018 0.9979 54,810h
Ry 0.000012 0.9987 85,993h
Ry 0.0 1 -

Ry 0.0 1 -
Ry 0.0 1 -
Ry 0.000884 0.9033 1,131h

9, AEE 116X EEAERY AFHY FRAIAE ge nste AL

AN A3 A2 DFEL 0000842 FAHAT. T} AFA 2w AR
2EAG N AT AALS 15T FRHE A FA 1] TAHE AL &
£2 $o2 BEFELS 000030047 Slojok Bt Wb BEAHEA =] 9
AAE QAN NG A AFY B4 A BUF dAF R0l Basthizl4]

4. AFA3 N2 A F3 $g
41 AP AZAE oA

A2 ALd A2"de gutgoz 7|1&9 Axdrt Ao Aol "o
a8y dA% 3 (Design capability)® ¥<5% 3 (Learning ability)22 HZEEE T3
97130 L AP £FE AT F UA HA 239 A= AEE A"
AFHAR L o= AX FF71A H2E & AW/ T8 FA7E vk & HE
2 3o HAEAZHReliability growth test time)g Erby 2 #F<H & AJ7L
7F 8% g9lo] ") Alade MIAPS T HolAE B ARHA HlEo] 3,
N Aol YBE oy Axde] = EA7l ez NZE Al 7px]7 Eo
AAA Aot 2HEE EZqME AFAzte o3 A A 2y di3 d3te A
A F27A 24t d2e HAE /e F3E wY S 2AstuA doh[8]

42 AAR 43 =Y

421 AYHF) % 2y

ol RYoNE H2EFS] AHE 4T T2 AnY T A4 @A AFBc

of A% Nade vzd s HAE F Adse @ AxPe A
A8 2 AAL wASA AAAGA Dok o ARA Axdo] FHes AT
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A TR tg A9 oldel ANAE X 2%n AdSY AAA ARE A Few
o ARA ANHEE W thg AYAN Azdel BA 1F ¢ FEAE oA
e WA Fevm Agw,

HAE wAE 7hds A9ty <ay 2>9 2o

A& (trial) F— | D= w3 ——[ D=9 20179 (Identification)

— 3 &9 2 2{Redesign action or modification) | Al & (trial)
<aY 2> A3l ¥ RF9 HIE oA

o] R3] &3t EAQY AL Lloyd-Lipowe] E&o] gith

422 2PN o3 =Y

AEEF G HAAA o’ FFol ga] g2E 3= Ao of
Yt &g AAgE AAGH ad2 AA ste Aolth Ate] g wE A4
3 AT AAZEE LR B Fo=N ARG FF0) oFo4AM F 4
¥ &(hazard rate) E& 1 E(failure rate)& At 52 FAZT, Ao &
HEHQ] 2¥oZ JT Duane’t THE F<¢(Duane) Z¥#H W KT ERAAARA G
Drlarryo] ¢lsf} ©Eojx FAHAMSAA)RF o] 1tt.[9),010]

<E 3> A4 BF =4

Duane =& AMSAA 24
¥4 1%E ENnRE 3 13§ &R E
Aom =KT ™ * | Aig=KQ1—T | Apm=AT*! A= ABT?}
a: %8 a: 3RS B:A3E B:R3E
K: 27 23§ K: %7 13§ A z7 238 A 27 2%E
T : H2E Az T: HAE A2 T: HAE A7 T: HAE A2

43 H2EAZHGrowth test time)e] FAH=Hy
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431 918 & (Hazard rate)ol]l 2|3 24y

AYE h)7h oW g xBh A He H2E ARE ThEdx & 4 T hd
F3te H2E A Fihe Yol H71A xge Al2de 27 9EES 7IE
02 ARG & 5o A2 AFE 27 AFEY avlrt 2 AR Hx
E AZHe F3le wyolth

432 919 & Hl(Hazard rate ratio)oll <& @4

AE8E h(t)7} E=(convex)¥ ™ DFR(Decreasing Failure Rate)o|th, o] o] 13 &9
HalgE A g 282 HAE NS dASA s 9 & 7o Ags
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5. 4%

B =ddME 94 ZEdBANLAY AZFA 2 i@ 2 a9] Al2ge] {AT
A AHE JHEE o] fst] AFAHY NIHXE A, AdE =g FE2
Fxo vaste] Bt a2 FFAE Aade] A T wEoz AFAL
% MY AR M H2E ADE FIE WEES 24 2y 989Es
o &% HAE A FAUWELE AAYoY Al AAAe] AP A AW
oh I ER o] YHER 7T HE ]7 He A HAE Azolgtae ¥ £ gt
vt e 2 AAZF S v&3 H2E Ao o@ ulgo] HAvl HE HE ARG
TobE e dis] ZAs] Bked, T NEEE AEFeEH e olgE
2stAt gotM HAolgne B F %’it‘r. gy SelM HEE WHEL H2E A
AEAA HAE Az i 71E S AX  F A Aol

Fugd

(1] M E, otz 9 O, FAFAF7eMIAY 1AAE6dE AFdRR A
FTHA 2" XYY, AT AT, 19992003

(2] 8% 9 4, "2 FA RAMS 371 477, EAEEEFEE AFMEAY gan
A, FFHE7 AT, 2001

(3] A15%, Y8, FHE, A5 A 2d £ B4 wE” 200195 2 H L3}
3] FAgtEs =83, pp.370375, 2001.

275



BIFAAAN2Y A FRL AZd, 4%, A% %

[4] 9%, 49X, “E& A& AR HoV, 20029 §xEF=3 AT
3] =3, pp.330335, 2002.

6] AAE, “AFAQ A 2y @ dF°, AL AAdstd HAE=E,

1983,

[6] G. L Sriwastav, "A Reliability Growth Model,” IEEE Transactions on Reliability,
Vol. R-27, No. 5, December 1978

[7] "Reliability Growth - Statistical Test and Estimation Methods,” IEC 1164, 1995.

[8] MIL-HDBK-189, "Reliability Growth Management,"February 13, 1981.

{9] Duane, ].T., "Learning Curve Approach to Reliability Monitoring,” IEEE

Transactions on Aerospace, Vol. 2, No. 2, 1964.

[10] "RAC Blueprints,” Volumes 1 and 6, Reliability Analysis Center, Rome,

NY 1996.

276



