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Reliability Growth Management in the Development and Initial
Production of a System

Won Jung - Hwan—Tae Legue

ABSTRACT

Under development program for = compiex systern, the iotsl system or major
subsystems are tested to {zilure, systern fallure modes are analyzed, and design and
engineering  changes are made 1o eliminate  these failure modes. I this
TAAR(test-anaivze—and—fix)} process is condnued, and medifications are made in a
competent manner, then the system reliability increase.

This paper presents the reliability growth thecory and applies it o some subsystems
during their develepment and initial  produstion testing. The  application of these
technicues is a part of the product assurance function that plays an lmportant rele in
product reifability improvemeant. In addition, the EN 50126 requires essentially reliability
growth for EAM growth monitoring.

1. 48

M2 7iwo]l AfEs B9 Ay AYZ2I3R] goiMs nol =
4 TEE G4 ek M o4 3Bz 48 5 AR A9 .
o AFHE BRALEY QAN LTFFEE WP FOH, AT BE FEE BIANI
M Agrizt B9F TAAF (est-analyze—and-fixy) ZTRALE AXEs Ze] ¥l =
oler, o] TRAHX Fh AlAE B MEA=E g nEe] 2 oo 7R MRS W nF
o W@, E4%e MAUS DRRTE BHSGD, o] DFRTE AAEI A B Helk
#A &5 E017] Ak A [ E/EE dAveiy @io] ook o ZEALT A
285 A4FE 7led HHLE e ol FeiAE, Mg R4 Fohghoh

ALET2 3] FHEE Bk HFAHEY HEE #HE 4 dckw ALAYAZRME o= A
SHel gt &, BRAT 484 T B9 A FET AEE e 95749 o
2E e ®E A el #9d ¢ oUn, a9 wek Zas JRdS AP@s JEE T4 dok
ubeia JEZRIE AYFs AEdes g WQ AMa@e HFHA AR GEEd #oh 2
o2 ZigiHyE 34 Aed o5& 43808 280

it AFE AHE s AT el dFEEHoRE 34 BERE 2490 AsMs
drzEdz F9 delsizt sA=EME W JE 7 e =7, 32 A, 3EAEA A E
A M A" F 438 E 2 guicteder ok A4 43R E g ANEE Fd HH4E 2
« WFOHE Y LAFgH 2y, FIHE
»= T{¥V Rhsinland Kores, &4




Mg wEsted 2 A5 FEHLR YAFUoh o1=%HA F22A A3 SAFHE AEgE=R
e el 7&%401 L 2bAlE gl BEe] Hu, Aade o A Ee NS Age]
ub2 A ol

B a7y B4e AR Jid 2 25180AANA AR 4F ol HEFHE B
Fed 9ok oEld §E71ee ATy AAG P FLF 928 90 AERFIFY F K
2L olps W421s T shuelint

HZT RAMS 8.7AHg gk SAAH £Eel FE ot 3lel ol g A=Al oE
o] Fasith CENELEC(HYiA7Iend#444)s ENGOL26F <l Z3Fa= 3 IEC 52278
Rallway applications 52 Al&d T% 4l°o|2€ B4 RaMSE 8 N&EAd Joe 7%

aoglek BN 5012601 ol 9 A= dAGANM Y RAM 28 2 FAE g 3=
9—’«1 BE2 (I3 1> T o BE e HERS T AlYe] AZd £ F&=eicl & RAM
ZE 28 HEA EFHelcr ¥ HREY AREL BAFD o Ay B, A4 439
gl BEE RAM 43 EVEYE 98 T8 8F L74%E &0 g6l

= Rald Growth monitoring - o @+ EFE FFF @i ALF el FYEHQ HH A sghaf
EEE & P E RAMEF (FFoz MNFGHFF cscontally relisbility growthlE & #
FarEi AHelol (Design Phase, page 52 of 72)

Al Spec. iR

/ Gl (224 2] A

HEEe

Al cota
S datg

HE &+ m— Derrorstration SHH

2% 1. AAIAAA Y rRAuEE T E[EN $0126]

2, AAR 49rd

AAEMLZZE B4 AHATE E9H A28 AL el AR 1. T, Duaneld]eleh.
Duane® 48 MelBlE 2 A% THDIAND H ¥HLFSE 23 2HT 4595 o
A es Wehls AE FEskdnt. AR e RE2

log p,{t) = log x—a log t {1)

4 (0= 2o 228 Aok, Y02 H@E g2 vd 238 i Y22 Ekd
T

o 8) = Ao (2)



Aok p,(4) = N3t B w3 nFEolH, A= A, o = AFTE, = F ANEANLE
spebdict,
A (2)8 AT e s FEATV AT =85S AStte T AL T TR w

b =3 nAEE PAwn, HIAH4EL *313%51».,. & gmch, A3 $¢F AR A
TEEE ] 73 NIBF=
i

M8 = [ )] = 12 >0 3

of #elld N(HIE A AR e sHEndssn SR> 0), vE 13s: p(H)e
plty=N{t)/t 2 EE & ok, uetd, AR FE, N =x77 ok, Alxdly et
27 E(Instantaneous failure rate) p(#)E FRHIFT N(f)= &8 A7t F d@ass e

e, =,

p(ti=dD(£)/dt =X(l—a)t™* )
slzk, I¥ 2R, = Instantaneous) WIBRE
1 &
Mé{e}=w)\(l_w¢, >0 (5)
o] =od, A(3)3k Ala)e A, o7} NTBES} l’i’-’—? WTBR2] ZAe= (613 Zo}.
M (¢ j— M L) (6}
Crowliis Duarze-% FE e ?—‘T‘—El NHPP(Non Homogeneau% Paisson Processy sR@S =235k &7}
st em, 7 HE S E&F gl A-Hsisid,
pf= ABel (7
o4 A ART T (scale parameter), B B ES(shape parameter)elch,  NHPPE B4
2 Hoe] NI el ke 3 HdiE BE B4 ¥oid ERagse XS wS0.
AT T [yt =0l IR TE N H 2 SE, Zid nEes
t
N‘f.sat)=fpi(ﬂdf (8)
:Afl—ﬂ_)‘sl—a

MPP 723 shellMim A 7hzbd s, tiefid AEE Lo nFe] TAHL B8 WF N HNE 7
A Zetdk EEXE A, BE N, . fesz0dA

_ [V e M)

P, {X=a} -

(97

1 E= T ) P B I B [ e 1 S | =

Crowsl 42 v E S MIL-HDBK-189, Reliability Growth Nanagement)o] A8 4= 5o
Plck. UGtE o2 ANSAA(Arny Materiel Systems Analysis Activity) R@olaln #n 212434 2
HEi ZHe W@w] HEHe] IEC 61014 (Programmes for reliability growth, 1985 A3,
20033 upgrade)s}t Us ABI 27t EE EU=E AMEEH R vt

3. Holy ¥4

3.1 Prototype Ngde|g £4

NBARE £R2AS 19 BTFY AT O0kn S22 4FE BYBAR TAN-TO S



. RA&HZT ADAMNE ko P o= GE9E 3A Ao 2 MR A 4248 HDBF
T 12 FREr AEEHUTE. Prototype SAlE AP} FEaildd HAste A
Ao, BR93 gaddxs 2ay ekl AES d@idc). Prototype HAA 5
AEEHR «F -3 -2 dlelg ghd dank. G924, AT 5dy 24 F4L He A%
FHAE C]FAR3]. astar 4x1¥ BF (0, 7] 0Cx, (x, (o (T X A5FA

5o

A=
a=1-n/ VloglT/x). KepnfT! 2 (10)
i=1
ok, whekaAl, WiolBE R, §=0.367, X=0.509 # go] F¥ £ Urt. 4T o=0.367
HEHe gy eI Yelhke GEEY HHEY 6,308 4 BY el ok o

# Fe=8E Prototype StAMNE ZEAF 138,800kno A 8] =S AlESE,
pi{ £) = A(1— o }i™7=0.0004146
o] =}

<3 1> Prototype A8 tio}&

8 A2 Gam) | 2@ 7 |58 27 F| FH 198 3 MDEF
28800 44 44 200113 881.81
58,800 T 51 2.00087 1152.94
78,800 13 851 .00077 1291.80
38,800 & 67 0.0006 3 1474.62
118 800 20 87 3.00073 1365.51
138,800 12 99 .00071 1402.02

<& 13 ABdelE g4

B rd nFE s vFE A giE
o, 2E=2ZRE I Fa =a

St Aol AHAET S BT

AE T AR <0" 229 F
=

]
¢+ 9

Slope a =] a36k

Constant  * = |F.G5E9
\\
1 \‘b
. [
} i
L] ]
f Y
e
L1

Carsative Failare Rtk 10°

1 2 3 + 5 4 Tadm an 30 a0 Ao Fosh sh0
Camnlstive Ere 2 1GE0

% 2. Prototype METAL vF 2FE vs. +FH AT



3.2 Pilot @A A¥Held &9

Fitor @3] Mele] zhd <® 28] zhror A(3)o2 sl T3 NDBRE, M, (1) = 20, 283 0f 14558
@), Pifot AE FETAR 9,000,000kn4 2] MUBEE M, (9,000, 000) = 356,531 72km & o &
g 4 9. <% & Pilot FAIE 54 2FEE 74 A ddigid 2323 &6 W

Bl Ao 2 Pilot BAINAM Y HBE @=0.16752 Prototype BA2] AEFE a=0.236v3 B 2Z5hd
SHFE 4L o1RD U222 ¢4 4 ok olE Prototype HAMY B pARe S $

Hol 9uEE & F Utk G2 Piiot @AY MBRE 356,331.72kn 2 # & Prototype A
HDBF &t 2,394.06kn <] H|# 104} o8 gd3A8slias € T 90

<F 2> Pilat A dieisy gk

2 78 (on) A T 38 3H T =2 naE F2 MDBF
TH0,000 4 4 0.0000053 187,500
1,500,000 2 5] 0.0000040 250,000
2,250,000 3 ic] 0.000004 0 250,000
3,000,000 4 13 00000043 280,769
3FR0,000 3 1.8 0.000004 2 234,870
4 50G,000 2 18 0.0000040 280,000
5,250,000 3 19 0.0000038 276,318
6,000,000 3 2z D0.0000037 27227
6,750,000 3 25 0.0000037 270,000
7,500,000 1 24 00000055 288 462
8,250,000 0 28 NORRGGS2 B17.808
9,000,000 3 29 0.0000032 310,345
30
)
Siope o =| 0.6
Conrlerd * = [G.0DC04
&y
— B
:
o i
- .|
§ j M‘“--._' L)
E 3
(&
]
t

1 z H 4 5 6 7sole 0 30 FE R Y]
Cumulative Test Km 3 100400

<2% 3> Pilot &AIE 4 2EE w. 74 A
4. = J3%d 27 + A

cpe el Al woflA] NHPP(MenHomogeneous Poisson ProcessiZ @@ ¥4 HIlelE Cramer-von



HisesE #HEF £ A1), o HA¥T FF:e AE Aladgs A Azke] gelm, m3el [0, ¢
Apotsl d&apdr Yol 25 dephis Ao HAESCH Cramer-von Mises 2 FwhE ZEHaz =
Falw w? 3FS € AgdM AlFEAR el #Agic] dHEd ¢ 9. 2 oghe] AeR

Z HEgz g3 FEEHE e A% WEes PP Z24 2 385 E25% 7 3la
o 23 @2 HEEe] 9ok

Anderson-Dar | ing &% Test Farson's U° Test fuiper’s ¥ Test
Stephens's W Test Shapiro-¥Wilk W Test

nE o diFE 4l

g 72zke FE7] de ANBAZL T B 4 A nFde] RTEIL W,

1000h-r¥% 4= AT
(1—adyi, - (1—a¥xs
O,{-;:l_ & ;(;ra,l i . Crv!;:l_ &252%7;"2 (11)
olek, 7N Hoa=a, vs. Hpa=aqa, o & FAE HAAxes 37 1000011 HeF 22

AL =201 =) /X | oy BE G1—20(l —a)/x3, w18 ATAE 7, E 7122
5. AZ

£ EEAAE BEAS AR 000 ANASLE TYIA AL A5 F243 Aols

Bl AR ASAAF 29 AN SSANE IS BATUG. 2 Bl ANE £
Hgge nARAs £AA, 29D 2o £29 484 Adxel S&?ﬂ AR U
shedl AEE £ 9g Aok Adle] UEG B Ash AwAzOs $5Y £ A% BHe
FAHCE AWAR Utk H$AYAS HYE AW, 2@ AATI] BE WES e
& I &Be,

BREop] of R EF DE01262 As@e] AFY, 84, 24 B TPl Aok
oA BEAGE FAHD Ach B AP AMNT AHLT DY AEH HEuwe
RN REE BHHT) A9 AN 2L ANLLANA AT FLF TE 49 Rl 2T BUelw
A A% # 99 AF delnzes 2aseler T AHY RE A5 4FE, 29w 2y
e Y $EE A5 drsed BdA2E $4F £ Ao

FLEE

[1] A% . Practical application of reliability growth in sutomotive new product cycle,
iE Interface 4H#3%, A158%, 1989

f2] Crow, Larry, New International standard on retiability growth, Ampusi Reifisbificy and
Haintainabiiity Symposium, 1991

£3] Crow, Larry, An Zxtended rediability growth node! for mensging and assessing
corrective action, Amnus! Refiabiiity snd Maintainsbility Syaposium, 2004

f4] Duane, James, Learning curve approach to reliabi{ity monitoring, J88F Tranmsactions onm
Asrospace, Vol. Z. 1964

(5] BNGO126. Raifway apolications — The Specification snd deponsiration of relizbifity,
avaifabiiity, maintainability snd ssfaty (KRA¥S),CENELEC, 1939



