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Research for Modeling the Failure Data for a Repairable System
with Non—monotonic Trend
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Abstract

The power law process model the Rate of occurrence of failures(ROCOF) with
monotonic trend during the operating time. However, the power law process is
inappropriate when a non—monotonic trend in the failure data is observed. In this
paper we deals with the reliability modeling of the failure process of large and
complex repairable system whose rate of occurrence of failures shows the
non—monotonic trend. We suggest a sectional model and a change—point test
based on the Schwarz information criterion(SIC) to describe the non—monotonic
trend. Maximum likelihood is also suggested to estimate parameters of sectional
model. The suggested methods are applied to field data from an repairable

system.

Key Word : Change—point, Non—homogeneous poisson process, Non—monotonic trend,

Power law process, Repairable system, Sectional model
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1. A&
T817Fs Al (Repairable system)o|gh 17go] BHAetl-& ), o] o Fio ¢

U A4S Fokol &8 hsetAl ke e 2@ Felvbe AAHY dR2s AsA)

7], AFH sol dow, £ AFY A AAE A= F Zad Fokolth o=
F O] A A B3 FElvbe AIARO R o]Folx Q7] el HA ul&S i
sto] At Au|AEE Tt AL daElis EAolth olgst EAIE sdsty] flsted
AEA ool 7Hbe F AAA) BANNS EYFoEN AARSY] AFEEE A s
Oﬂ%:—-_} Ef“& ofyel AIAHS] T e 7hes st @82 v A (Maintenance

T 7t Alage Oist HA AuAIEACANA F A= 23U E (Rate of
occurrence of failures)®] FA (Trend) & Ie}sto] ol Ao FEu} wAlE HAA A
of tigk ArAA EAlolt. ol st FElvbs AlAHY] AR ESY FAE EEssk
Crow(1974) 7} AlQFst Power Law Process”} ®eo] AF&-#t}h Power Law Processi
A} T4 (Shape parameter), 2% 25 (Scale parameter) 52 8] nddAEo] 4A
5HA] 92 ©x FA (Monotonic trend) & 74+ FE|7Fs AlAES] 7)A (Improving) &
°}s} (Deteriorating) & 22 1% S 23t & ¢ k. A v A A Q1 Aol A
FE7ts AlA"Ee] pAAlEo] A T FAVNES VMR A = e we 3# s
7HA = A3 B3s Fejrbs AlAR A dx FARTE Tt 9l o R Qs &
3k ZF A (Non—monotonic trend) & 7HAl= A7l ¢ HIH3Y 7)€ Power Law
ProcessZ+& &3 FA=S B3 g 4 ol o]g) Zo], ©kx FAE= Power Law
Process 5& &3] FEl7bs AIARE M e ozt 2 1 HulS 2y &
gom W@ AF7E o]Foj Adeloltt, dARE HE3F FA= Power Law Process 55 &
stol Awo]l &7bsstn AT7F wH|g AdEigs 57 FAE B3 & ool A

ol 7olut,

0

rlr

olo] th&] Pulcini(2001)&= &3 FAZS 233t 317] 93le] Superposed Power Law
Process Model(Superposed PLP Model) & A|¢F3F T Superposed PLP Models &
Y7ts AlA"eA R E] At SUbete B FAE E¥s & USS 7)
A= el serd 4 vt sHAI%F Superposed PLP Model g AEo] Fx4d
Ak B3 FAE BRFgeked dAE 7HA A vk
e gokst 58 FAE 2383t & 4 %l Sectional ModelS A|QFsFarA}
o} =3 H-FAMS AFgEo] Sectional Model?] E4E FA3on g Eo]
AetA] ke HlEd Fold ZZ A (Non—homogeneous Poisson Process)E }éf&
SIC(Schwarz Iformation Criteria) & &3t W3 174 WS Atstaxl ste}, wpx|uto
2 A¢tE 2ay HES AA FElvks A A" 1A do]Ele] ALA T
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2.1 Sectional Model
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Sectional Model2 ©<3% Z& IHUAES 7HX= HFH ol R AA
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(Non—homogeneous poisson process)©]t}.

(1)

L

A7IA te AR EC] Hake A< W3 (Change point) ©] ™ Qj(j=1,2)f
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: th. Sectional Model:> W84 ¢, & AlFo=E 53 +
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oA e A () M) (0, t] Prres AR s T owA e A,(H) e
A ()& (0,t,] 73 \(t)E (t, t] #roz ARS s34 At

Tk el7bs Al2Elo] thekst 2919 gFor Qs Al 74A9] thE 1% HHS A u
9T, Sectional Modele t&3 e TAIMAES 7IR = vlE2 Fold T FZA| Aot}

B\l ¢\ !

)\1(t)—(9—1 (0—1) L, 0<t<t,
Byl ¢t %!
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2.2 25 F4

Sectional ModelS E &3} 317] siae=
sto] He-FAHS AFESESITh HFdHe
ARt 0, B;(j=2,3) AEe WHoR
5 AzEelA wade] E=AT w j(j=1
function) & 3 Zo}

n 5]( t; )/’31} [ B g \B1
L= —|— exp —f —(—) de|, 7=1,2,3 (5)
i—];JJ:d[ej 0; o 010,
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ofdo] 2IE FHEto] 21 $% 34 (Log—likelihood Function)E 3 o33 2t}

St \ET! t 5 e\
0;\0; 0; 0,

2I9E F5E 0,(j=1, 2, 3)] djsjo] Anleg & F 0% Roka w1 0,(j =1, 2, 3)°]
Yt §eg she thest 2ok

B _8\3
é:(tﬁ tk]" =1, 2 (7)
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nint, — kint; — E Int,

i=kt+1

oA e w4 (DR @6 k=0% gABoRA 233 5 Atk T A
TR A EA T BEE 2z AsdS dURoRN 2T F vk =@ 4

(7), (®)A H3}H- /;% "] %] (Unknown Parameter)©] 2% k £ dudg= 7Hg skl

A A7e BrE FAE A
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SIC(Schwarz Information Criteria) &= % St 7|wksk AR =4 7|0t} &9
Ee Wl F(2009) = 2 F EAAIZRe] dASE B Yol EEAMNAE THYste] SICE
3k Wakd AAS AAE Y Sectional Model?] W3kl HAL @A Eo] A4 3)A
%S N Fotdr ZEMAEZ ZHFsI o MR AAS A AF7HE 9 g e
o2 .

Hy: A () :'":/\R-l-l(t)
(12)
olwj #F7HdE WMslHo] fla i’xohﬂ“ﬂeo] AdAgetA] &2 Hl5d NofdH TIZAAE
73k, gigr7dS Wskdoe] RAWZE 9l (R+D NS #3732 247 uadAlEo] A4St
A ke vl FA Yol TIZAAE VMY L‘ﬂr. o] we] SIC+ v #o] yepd 4 itk
SIC,.(R)=—2M(R)+(2R+1)lnn (12)

Stepl. M8l o] 74 (R)E 7HA.
Step2. SIC,(R) Z‘argmin(S[CZA(R))
Step3. min{SIC,(R), SIC(R=0)}

HA sk 9 7H¢7} R77F ot 7pg &t & o2 SIC.(R) #& T-3h=d Rt
Ao ZHA  SIC(R)°] HAE H&E #s ;l%v}. 2] S R R
< C
7z

=
o,
>,
N
=
=~
=
ftfo
=R
filo 3&‘

Hlwdh=d SIC(R=0)2 W3ldo] ¢l Zrolt}. whok

W AFIIEE 7145k Wabdo] Rfelal Zhzhe]l 3k | E E
ofF ZEAATY Fst = Q3 SIC(R=0)%ke] O #Aobd AF7HE S A g ste] HsH
o] gl HlEd ¥Yold TRAAE 7P st
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2.4 AA dolg A&

2.4.1 Sectional Model®} Superposed PLP Model

AA HolHE vlEd XolF ZRAMAE 7HEE SICE &sto] Wik A4S e &
Zyzyol kel maE FA3le]  Sectional Modelol AHE2 AT <FE D>
Coetzee (1996) 9] Rear Dump Truck 1% dHlo]E & Pulcini(2001) 7} Superposed PLP
Model& %83t dlo]g o]t}

<3 1> Rear Dump Truck 7% Hol¥

78 158 331 381 523 620 664 1805 1817 2068 3253
4489 4725 4961 5138 5200 5278 5711 6400 6444 6677 7999
8001 8489 9000 9086 10 262 10 817 11062 11 082 11 086 11 122 11 534
12031 12 339 12733 13 265 13 508 13 673 13 780 14 443 14 501 14 656 14 906
14 983 15 004 15 062 15 072 15 136 15 206 15 247 15 700 15714 15972 16 186
16 284 16 329 16 425 16 605 16 723 16 731 16 797 16 859 17 090 17 305 17 484
17 510 17 511 17 536 17 621 17 703 17 809 17 968 17 984 18 175 18 443 18 458
18 667 18 669 18 701 18 723 18 822 18 860 18 922 18 935 18 945 18 960 18 961
18 979 19 013 19 032 19 034 19 169 19 184 19 201 19 416 19 455 19 525 19 595
19 601 19 613 19 643 19 671 19713 19 785 19 801 19 937 19 990 20 432 20433
20 434 20 698 21 460 21 543 21 584 21 602 21 645 21 706 21762 21 867 21912
21914 21937 21938 21 939 21951 21 954 21982

Rear Dump Truck® 2% dolg]e ZFA4ES etst7] ¢38Fe] Duane(1964)9°] A ¢ksk
Duane Plots AF23F3ltE. Duane Plot2 X4 ZAE AlashA] Lot o] A

A% AHoR stetely] Ha Azrel AA ke®ths FAol Qo) wel AgHrh

log( M(Z,) /t,) log( N (t,) /)

w | "

ED

og
i%@
i A

L
L
ot o -

5 , , @ mlogf,-

(a) Duane Plot (b) HA3H

<Z1¥ 1> Rear Dump Truck 1% Hlo] g
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<% 1>9 (a)¥= Rear Dump Truck % Ho]E|E Duane PlotS A}g3slo] TA & sk
014 i wpel o] A ge] gasithrl FUlele BE FAE A1 9o 1
sldS 7HA A Sl AS & 5 Stk WA HFE Yol TR MAE 7MY W

AR At <E 2>9 AL AyE It

<E 2> "5 Fold ZAAE /P Wty 1A

SIC(R=0) SIC(R=1) k

NHPP ®3st3d A 1555.5906 1522.9137 41

SIC(R=0)2 W3k4lo] gl& wWle SIC #holw SIC(R=1)2 ®3hido]l 170 & we] SIC
#olth, SIC(R=1)9] %ol SIC(R=0)°] #HET Zovzw AF7HEs 7]7bste] wighdo] 1
A Aar ZHzre] F74e nlE A Foldk LA Aty B = 9tk o] W] W 9=
k=410|th =, t,_, = 144435 AP oz ugAgEo] Wty e 3 4= 9l <1d 1>
9] ()= Duane PlotelAd] Sectional Model?] #®W3-E3  Pulcini (2001) 7} A3+
Superposed PLP Model?] 17g#dEo] Wal= AlFS FASE Iglo|ty. B upsel o]
Sectional Model®] W3}5d0] Duane Plot2] FA7} Wdli= AJd3} A5h= S &4 5 Uth

¥ 3> Sectional Model®} Superposed PLP Model® 2+ 4
Log-likelihood 9, By 0, Bs
Sectional Model -754.1788 166.10 0.83 3658 2.71
Superposed PLP Model -754.5573 73.02 0.638 7395 4.129
A(7) A(r) | :
o : 8
- ~ | LY
] °=,”
| PRy
= & | 3’
A = | ;/
]
: &
2 =] I 4
] ’/a"
| a®
Q"v
o = s 51
on,’ |
S I
A
I D-f : l-r— Superp s1=")d|
500 1000 1500 2000 I 500 1000 1500 2000 f
(a) Sectional Model (b) Superposed PLP Model

<1%¥ 2> Rear Dump Truck 1% do]gle] 2&3}
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<X 3> Superposed PLP Model¥} Sectional Models AEAIAHS W 2159
o grolth. F e REE A4 B4 grol A WA A= 1Ht forg uA
AEo] it F WA oA 1Rt FogN ugUAYE] TR S &
it} w3l 27957} Sectional Modelo] ] & Ao &2 Ho} Rear Dump Truck 1%
°]E|E Superposed PLP Model®t}t ¢ # mE3ledcta #dsk = Qle Zlo|t}
Pulcini(2001) = <71¥ 2>9] (a) ¢} o] LA EC] Fasithrt S7hske 59 FAE
Superposed PLP Model® 233} 91 <28 2>9 (b H%d fold ZRANAES
7H4 %k SICE &Fste] W3ty HdAdS AAsE & Zhzhe) 431 BE4E F748ko] Sectional

Model2 E3& 3}t 13 o]t}

A

=2 4y 1z o

3. d&

2 AFAN = gkt 53 FHE 283t & 4 9= Sectional Model& A|QFeFA T
= o

T HFEHe AFEske]l Sectional Model®] EFE F4sks M2 FEAE Aldbet
gov wEd Toly ZeAAZ AHF SICE F WaR AF PHS Adsgit
Sectional Model2 Superposed PLP Model®} 7o) &3 FAE 3l}e ALz mdg
2383 3 = AR gk B23 FAE 2¥s & 4 glon wWEdo] Duane Plot¥
dAgttt= FE aystel WIES AdE FHsNTE JteAde EFden e

Sectional Model> Closed form®2 K4 Fgo] 7hs3ste AA doJe o] A goA

A xoty ZRAAE VMY
Hebd A4 WHREY SIC o] Aso=Z4 919 14 HeolHE v & 2¥s v 3
T AT o] R Bde B9 oY 53 FAE EYsteta wgdAEC] WMskE AlRS
Ags] dudste] FEvbs AAEe] AP EE AgetA dS5sta T Sl Ttes A &

£H AUARS FHL 5 9L Folh
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