BEBRFRBEREN TR 2HR(I]D)

i & % 3% ° NSC88-TPC-E009-007
PATHR D 8 # 1 A 1BZE 88 #£12H308

FEEHAERE



HHEGAEH#HEEAT
8BERBAHBAEAR AT E

BEEBRTREREDTREEATAD

PERBEATEA



TXHE

AN ELARREMMERERAT S REBER A AHHRE
FoRABRETREFLUFONE  BUFLMAEENTH - &
HEARIAFTEAREREFAGEHBAEBOTHBERN -REY
MARREETAREEEEP AN R AT H g4
BROLEME AAREABALRTARRAAEARRER BEE
RRGRE  RERASMUESBEFASEE - pb—R > FARM
BEREBRFEETRIBAMBFESE mELETFRE MR- BN
BRAGAES TAMARKEBRARERAEARKAR - HA
HBAKNERROATH OGS RERTHEEE R EY Tk
fERRAlE KRR AYEL RESHERNHARMEHF A KB e

R — B RHMESEEH -

M BER HMAZRER BRELENSEE  -FByLEHE

b5 R &



RXHEHR

Generalized stochastic Petri nets (GSPNs) can be used as
building blocks to model and analyze complex manufacturing
systems. This approach facilitates model construction and helps
manage complexity in modeling a large-scale system. This work
first generates GSPNs for a system and defines states to be
predicted. Time scale decomposition is carried out in order to
reduce GSPNs. From this method, GSPNs can be decomposed
into some subnets. These subnets are aggregated to form a new
GSPN. The GSPN is called aggregated GSPN (AGSPN). Mason's
rule is used to calculate the relation between input and output.
Moment generating functions are calculated to predict when states
occur. Finally, the time interval before equipment fails and repair
time are predicted.

Keywords : Condition-Based Maintenance, Preventive

Maintenance, Reliability, Stochastic Petri Nets, PM
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[Patton, 1983] - £i&%  MBHAHFALSHIMEL Ak
FRARBBA X LRGSR AR, - EL3BREFRXED S
8 # 3
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BAOKD B TARBH T FREIZAAZTEEF LR EHE
A - R ERANREANRH  REARERLHY - 2HA
CEBRTHRELREBBRAFLALS# e % [Liu and Chioy,
1997]  EH AR B AL KMAOATRALRWARER > LT A K28t
FE-REHRZAEAFTAFHRME RS2 088 ThoredF
MERRKMELAMBZIEMR SFEZARZ AT WERERE -
H-Fe B ER2MATFIEEASHEAERREKRE 2 EitE
EREAH - AFRFRALE RAMARRES Y L TR F
FIEABRMAE  RHRNTH  mERESE LTRSS E

oo EABFERTREAHHREGRE -

MEXRABRI - MHEAAMAROBTERY » LR E i
— KR SRR ER T oE B E T —RE R - AtE)
FAFRMMRRERS L HHARETROREERE MRS
RAGOTH  FRERBRGESERRENPITHEE RGBS
B BB RBEFITROGSGHIEAHARK "TREGM G HE
(Timed-based maintenance) # ® T 4% 3 4% % & 4 #® |

{Condition-based maintenance) o



1.2 XBREA

Petri[19661:2 2 T UB MK ARSI EM A A 5B 8 & 4T
gy fEkfo AT - RIEHA AR 6 R K@ (Petri Nets) - gt
EREBZFELAEFHOERE Bl— L2 BN ERTL
T A % K43 - Merlin and Farber[1976]4% & B4 s R4t 69 R
K% $ATEE—A$E (transition) R AR DS AREH
A o Natkin[1980]42 i M E KRB B—EEBRAERGH
Mo AR -EERBRRA A BB R AT - Marsan[1984]
REFAMAEREL  PEROBAFHAYA  YEF AR HH
Mo MEYERE—KEN R —RERHHESM  mAF R ER
75 45 vk AE B 4 3B 0% EX38 Bt AR AR O 466995 AT - Dugan[1984]
BRBAMMBRERAL FE-EEBERFTERBERIART HE

BT

HHETBBMATLEER AR AHRE - RIETH - RERA
B 58 %  Beachum #v Weir[1994]1 A TR ey Iy sk at SR
T B4y 2kt - Gei lhausen F1 Kunze[ 1995 ] X B R BRI A s 89 F X
TRAGRE > AARIZERZITHE - Martorel1[1995]8 & 7
HETRT ML AR TEEA T ek el is

EMTLY HUBERTEEAETHREANZEABRASL



Mitenkov [1893]& & T R R BB EHHTHRED > URFTEAR
AR A E R - Mukhopadhyay[1995] M Bk T ik gt A4
MATERERBER T RENG NG LI EE AR B L 42T
&t o Fresco(1994]3%/ 67T B ER G S R aRs 45T
THER ARRAAHEOEEHBREE  GHUEME - RAB

Ba# BRI BLSMZFETHE  URIBEEZERLD -

Onodera[1993] R TH L ERB R K » S5 1B 4
B RERBTE RREIREEFTRSALE TAANKAA
HAE G Rk > Pons[1995 | R B4 H C oo S LB AL A RMB BT
B AFIRRURN - ABMBRBRAFTE - MATHN SR ARAY  HA
AERARAAE Lk TUAMEM TR TR 20000 2R L2 #E
FEB ARV EASE 2z AR R A H[Poong, 1994] - R
TR EEAERERBLZREAI A5 > Snith[1994) M4 g
AL A G EREBRUSEEREHE N R GG R 40
A RBBEEE  Uchivana[1995]8 &5 7 — £ & a4k & R MRS
BABEMNAK  GRELFETHRRY - A4S FHER - B R
RRTH UARITELSHRANE - BT HRLABA T U TALZA
oo AREEEHE A% At EMEREEF L% Varno[1993]

R TRELZRAFEERAL - Qn[1996] FH TUELATER
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R EABE -

HRREAZT[1905] RAZALAVLREFRELA R T
MOBERTSEY BEMRYE — S BBEN A58 ¥R
RIBEEESHEEY SRS BEAHETRARR £ERES
BEHARANEET » AARELEBEES - R Roy[1997] EH T &
HREMRAZMERABE  BRRTEH AL REMN - sbH il
THEAGRRERGRERZAL RERERGMEF MG o sbsh
ERA B ERPEBRBMERESI T Roger[1997] 22 7 #3t#d
PREAE R GELRRGNE - AR GETHREMFZNE
HEME N2 I1%% 55  Procassial1997] X Bayesian # 3k K32
WRBADTEREBY YA L T LB o9 R4A] - Shuo[1997]
MEMETITRBELEZAORE RAEBGAGHTHTAE - M
BMRBRARNEHARBG Tk S GEES 2400800 - 4
EABHEEEGURELENTF HA ToMELRAEEB RS 1
RURAZBASTRA  THE - ZX2MREAHN - H44[1993]
AR TR BEBRHERBAGHETREBENR I -REERZLT

[1995]:#47 TAA A X REHE RBHHAE -

1.3 AAREW
FERERGBES ERRE—ROHREH > KA TR



EHRBEMITE - 2RANEHERMFOEF » BF B ®H LRIE
ERARBARAAMESY RABAFTORAALE - KB R AHOAK
HAFTHEHBIE - FERANAEZ LU RBAMEGHE ¥
ENF AL BRINEEG PR - MULRAFRACERH L
PFEARIER  wREFBRITEERTEAEL KGR FRTE - H

TAFERATHRAARFTERE -

B EHEGSMREREBTEUARGTEMR BRI HEBY A
G- BB ERITAE EMALEBARELATARROEAR RS
% 0 FEF w5 (State Machine) o9 X K8 - A/ A AAHH
eFR a9 % £ & 4 &3 (noment generating function) T K438k &
- AP R E AR AR AT A R 89 Tz (place) MR R K HE
BoHEARER R MGMMBRE R WS FHRHBAE R

#BBE 0 RAEGSHRBATE DAL E KRN R -



%
AR E A%

2.1 AR A

# R @%@ (Petri net)EE A PN CEAARZERARS
BEEAMELENIE ALRUE RHERUFFLAGEHRT
BoPN e5RATHUEYEER - THE% - PHRELANFATIE
HRAORBEFR -

PN 2 EfIdiaiE - 54 mBEH I - A Tir(places)fo ¥
#(transition) - MR GHERMEFBALHWERLIER
e EREBA—KEAHEDY  CEBANERAS ARG REE
5 RRAERAETFAAGGL A AR —REHTH  ANHY
MERESEREAAMNGHRE  AUAT B REREAR KA #
F—ERBE R AR ERRRE - EATRELREH A
Ak A TAE Bk B R e 835 (Transition) R RF AR S L7 RA

;@'_ o

EHE KA P FRELRLT



—

L REA B - ARTRRRA— BRSBTS AR T
o

@ : x&x—M@s(Token)  FPid A AMMEF -

— RA—ERIRAE -  Mla B R R EAYERE  FPRERS
R

o REERRAAE - IR A LSRR B
R ZIENH -
<A REE R AR Bk -
EXAL—E PN 2 BALEMBEREM » KR PN 92425 E X

[Peterson, 1981] :

PN=(P,T,A M)
P={p1,P2:03 Py}
T={f1 {7,183 ,...,Im}
Ac{PxTW{T x P}

M'={m{,m},.,mpy} (2-1)

BPRERGHEH U EMENERE  WERELMHIER - £ W

MRBEREHMAET RBR

PAXCp)= X WX )= 0 X (Eo))= Xy, X (E0)= xp )
= P{X(1p41)= XpLX ()= x, )



>0, 0 >, (2-2)

MBIE  EXRAETANRY " H P, R, 000K 8 - K3
FRBHAHETRERE WHENE TR - ET L8 —AKLER
BET—EKE HEBALZRERZ P —EEM(Place) 2 F—

B ey % & (Transition) » £HEE K

P (vt)=PX ()= JIX (V)= 1] (2-3)

E¥ Osvs<y i RSModKkE S RBHE9RE - B
Thét > By~ TREBFPLOBEROLSERFHRENEBET

BR

PlYSy+1Y <= PIY <y] (2-4)

BHEX Ty TRUAEANMY UATH — KBS EaHE &
Py R T —REMAME - A ERIITEAET RAYIE 7
RERAHMBERES MAEREBEIZE  RELHARREY
KM% FARMEEREREBE MM AT EsH R4 RN
Bie(Marking) » B E RS BAR LM OBMEMAELTEIER

(Reachability Graph)- &zt %% (Token)ié %k K 4 (Basic Place)
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HEEASBEA(NUL) > FAETERMNAMFHAOREEFEH D
(output) - R A S FPHEEXBEEE R BB R LH - LBAHA
Mason’s Rule E gt e AMeIMA - RFEAHEELRHR
(Moment Generating Function) [Dudewicz, 1976] - #& £ & £ &
MR- Rk - R =0 AR BRBHM e EMean) » RE
HREBAKAEH > A REBFZLTZ AT -
M2lATERBOH T AP RE—REHHBRE - H 4t

2t B pBARE  Rfp fp de—ERE LT  EHH
BE MBI - o, B 2% BlLp ®p &oF—BRR &
RERERATES B, R B TRoFZ 55
FH—EEEEY B 2 I(WBEFERRM  fwsb— R A—EEF
AT RERERRARSTETEGES  FIEFPNEFH -

HAFMBREMN GPNRT TEARERERABRE —A7W
SREH AFRKM ERNFAARLHES - HNAATRARE
W RE— PN R AETERORRORARBEARF I B E
W PN #& A - (£-bounded).

BFEEARALPN ERESHM  AMAPNBEARE LR AR

]’aﬁjﬁ- Bl e Re -
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2.2 HIY KBR
FiAR B4 (Markov process) R —fE 28 X > NP UEE -4
BeRBNMEMAER  LEHE T RGN - KHMERBRE  MKE
RE-HEBBH X (el REVRBRANBREZRE  LHBEH
po M EBRMERS R BRAARGEAERE  BESSHBBEE
BIHK B o
BTABEORBENBEESTARIL  EAKGGRESAH &

#(conditional probability distribution function) (PDF)E &

P{X(O< MX ()= 15X (tg-)= Xpo1, X ()= X0}
= P{X (1)< XX ()= 1,

E> 1ty > >e> 0

(2-2)

EREEHERB A ST AT Markov property) - SEE#RER M B
ThBREESLEET L4 Markov chain) » B EN AR G iginds ik

LT TR

P (vpt)= PLX()= jIX(v)= {] (3-3)

for O<v<¢ 5L 7, =0, 1, 2..

1R



mARF

1
P(ut)= 2-4
ﬂwn{ PP (2-4)
B X($) I F it BB EFHNFRBEI RS B
PIX()2 xX(t)=x,1= PIX(t - t,)S 21X (0)= x,] (2-5)

RIS TAGBAFMNYET SHERMYINETREBENEER
P RERBABATHRE T MUY B B2k B ATARE

BB e Ee 5 Bk

PlY<y+tlY=r]=P[YV <y] (2-6)

BRERTFREFHARLBL TR ;A LA T LER

FHHETRENFHLERERTH BERT P () AHFHZE

t-v)EM - BBBEMIEZT RE M

P ()= plX(t+ )= J\X ()= 7] for any w20 (2-7)
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B %] 7 e IK AR R A OTRAR

P=PXt»=/, 7=0 1 2., 20 (2-8)

2.3 EMERHE

AR PN BAREERLFHHBEIN > LERRTRNHG
Mo BAS—BERBRPECHEL & T BT ES 2 Mok
¥ & - B # X K B (Stochastic Petri nets) # & & SPN
[Molloy, 1981] - 4B F B @S B —EI5E 5 H ey B 4050 M HAF -

SPN# £ AR &TRE

SPN=(P, T, A M, R (2-9)

EEP T, ARAMwERNYESE  H

R={1],79,..T ) (2-10)

Err RABRNHE4F -

EREHSBHGERSHRFT LB T 9% 4 > SPN FRE»

(isomorphic)id Res Mt BT L 48 - REP SPN B2 B E T £ 4k & -

7



A HE A %M k(k-bounded)#y PN BEJAERE R BT X4k - Btk d—
ZH(REN Y S YSMZ AR A OB RS RY

BEE

-1
[ Zf{' (2-11)
ied

EYHERTREAEHGRRES - R M EREM, 8B F

2Tk (2-12)
ki

EFHi#REBHES S M, RS BHEA-—EA/REER

wM; e

AT SPNearaHE g4 AU ARERN MY
Mtk o SPN 2 pr ;X rdn A A - AR sA B M 48 3 % s B FE 2 74
ZENEREYFERSEHTAM A (Markovian model) » SRAE R
RE-SPN W FHEX—AEZHBEREEANAA T EEHTX

BRI RBEREH - EHAL -

7



2.4 RAMBRKE

A SPN BEFR VS - 24 SPN EF RS - ARFEHEZ &K
HEMCERT  SREAZANILERRZE BN - REEEBHK
B A o BT R ARAE Bk R &R A 0 AT LU SPN AR K
NER A G- EARBRT A KR AMARE RS (GSPN) L SPN o5
Bk ~ M B A -GSPN £ K EB# SPN» 12 R L8 3B LUT A BFALR
FHuPpey - KNP EBERAERAT AHINGEREN LR AR
W BIT AL SPN M BBAIA RRAMES R A5
BH o wRLARLEESHFHRATIYREE R RLALRE
ko —AE@m T 0 LEPRBER - Bk GSPN BAMFBHT R
K o RREHOP B E S AR EREAR RS S

HoFa ey B, eH)HETRER

.
(2-13)
2 Ik

kef

2.5 EARKAMMEREAMMEKE

72



AMBEHLLPYENFRFREEFAMAEIRE AAHF
HATEBERE - AXHAHTF [(Marsan A, 1995] LA L TH
PriBriR o @ Fig 2.2()mmmAR 2. 2(b)#7-% SPN & GSPN
FHEE - RTEHFIERTHERLERY - & T RHAMF GSPN #ik s
BE RS SPN RAER T, B408% 0 GSPN #dof] - a#—EiRR
BERMp, ZELEBB - 5 aRARS > ZERTFEBT
BHEEEH ENAFA—EeE4 MNERBEHEE-AAUE 2 2(2)
PFABHERTAHRRMEM LB =ZEERA - B A%
Px—o @ 2. 2b)EEREARE 2. 2(2) F1F - (SPN FEB

B it P8 8E P, k=l, 2, 3 EBHEEA

ff@k (2-14)
> J=1%5

o R AGHMERT, AMOERIFE oy RALEPHSR

I E - AT

“a (2-15)

RELFETEHTH £ REARHRE

i



SPN #isk # S R BT AT, B4 MEIHEDEr, bF

b - ARBBBZIMBTEH BB D BN HETm -

2.6 fABlR

A X B #4218 GSPN 988 Kk M AT 8545 4 - GSPN 2 a4 T B A /X &
AAFPREG—HKE EAELRBREBERETRG Y Ak
Ao BRETHRERABALM BB HEHEMS S 2osb—R - 425
THBBEE M TREFL RELAEREFESAR B A%
BRI - BoSBORELIER B eRARZ—BL- - &l
2.3 'GSPN TIRASRAE  $HBHEHFRBLEATHER  3E

PR BHRLEARAR  RFARBMAMET -
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F=F
SWEALERH

3.1 &
REHEZAA LY ERIESHEEREB T RELHGE

5 ## # [Guo, DiCesare, and Zhou, 1991] - £ 2 4 a#eyx &

% &% [Dudewicz, 1976]

k-3

M (s)= 2 e’ f(t)y (¢t &A%

I= ~®

M (s)y= [ e F(t)de (t Z#4) (3-1)
xA

M(s)y= E(e”) (3-2)

EPs WSS FOMBMER rBE TR R - BAL

M= [ F@)dr =1 (3-3)
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.2 &M

#HRAE PN 2269 %38 (transition) M8 41 4.0 » & 938 t1ER — 18
BARAp, 4w @ 3. 1(a)FiF p AED —EB s #E W0
TR RGO PER UM L O BR SRR ) B2 — BT
RE AL p K — B -

DU RTREBL R AEHOBRE  FEK p & fi&p o
RRE - ARG, OB CEBREEHMER T, - pli, b N
BMESHADREANAREr, » RAATREA » B L0 e8
& RIEE® A -

RBBERE W, (55

W, (s)= p(t )M (s) (3-4)

BRpLEk)BRT BB (TUAW.(HATAEWE 3.1 #w -

#A&RE A (Mason’s rule) [Dorf, 1990]2 & =% & & (flow
grapp) @ BN X AT EBBRBE AT AL S 28y
% - MABACKAA PN SER T RERE PN ¥y m(place)

RAEH BN B %80 %R LR (transfer function)d| %

s



BE - PURAREATREALZGEARITEE  REEEHALE
R st HE hotl -
MAEUNGHEELAW (s) BB RFm - ERMFM (5) T4

HW(s)KF : Bp

Wis)

M -
(s) W0)

(3-5)

M BB S A & R E MK E X R 83505 M (mean time) ¢

7

M(8)lg=E(8) (3-8)
s

FRIA > HEEE A BH MS)R—RMp % - K s=0 B EFEBIH

A REHTRBRLAGTR B REBRETZATTR -

3.3 &EAER
A KRR A S AR BT SR A —
% Bmfic—u PN - B msEfFH — % Roy(bounded) PN #i2AKH
RIS o AT A RS A A T
() At REREEEN () @B, HAFMELY
() 6 58 ¢, BhALE L&A+ LA 1B AR R0 A T, (9

g, > MLBB XERNRBKW (s)xW,y(s) 5 @ 3.2
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We(s) =W (s)xW,(s) (4-7)

(2) FAEESH LAERBREW () BB BEHW,(5) 8
BB R RS NEEEBEER RS W, () 0B s

o W () XERW () BW,(5) 2 Fv :

We(s)=W(s)+W,(s) (3-8)

() @ AFRELREW ()RR P pBR—EE

%o HRLABRREEW () RENERLEFRELK

W.(s) :

W, (s5)= (3-9)

7R



fFmE
B P %) B AR

AXBHLARFARBHRARBGHGR] > AH CSPN B2 ¥
NEAART RTEBERABZN ~REERTEOEEFY  #lofF
BRFAORBOEHES EARSHOIPHHEEE - ATx e
ERAME > AFREARRAR S TR BRI WARERSEE
RlGEAEEE  MUATERERFRZETREUEEMHFSER
{2 e

4.6 GSPN B AT A B A E Xe A7 T@% - H— 8T8
e F— AR ERL R TUBENARRZLEE S THE -
BRI % B s % £ d Simon and Ando[1961)42 8 - MBAT &
W FRAEAToRALNEHRNGET USRS EERM
A& - Bobbic and Trivedi[1986] 42 TR & T ks ¥ E 245 » &
BigFRRREERBE /e P B W4T 2] ke % & A2 - Ammar,
Huang and Liu[1987]# Ammar and Rezaul Zslam[1989]2 & T&F
Fal % B 5B i& 7 GSPN -

ARAHBRLGRERSAANH T BTRABREABRSE
i EUHBBEAHAA—BER - REBAANEELRHFRX

WM PARBREBEREARMNSER  ARKLBRERRIAE
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EaE M F ik o

4.1 GSPN &) 8F ] %) & 4-#%

Ammar FA[1980 ] TR S BN FHELEHRAS PN &R
RRTTUSRAAGA ARG RN A — a8 RSB ARG
IR BRBRBEBROEAST, T T=T,0Ty - ik
BEAE  BRT,OBBRAENH S AAAS LTI  SPN )T
Ry BRBEER IR TESR B TFELARBE ALK SRR
B B—-Emke T@a%H% 554 (aggregated) &9 GSPN(AGPN) - A
UHEREOEBE  HERRARHEZRABKGERTEEHEF - T
BREEZIMSRESFE Pl #8E  THLEHE - BEX
Y oBREEEFPEL - GEFERF IV FREHTFRE EXH TR
R R EFEEEHAERMLA TR 35 - BT REFALE

%é%ﬁ‘?‘sﬁﬂ Tf °

4.2 H%
AFF AR A4 CSPY £ KE - Ammar ¥ A[1987] # 4t 7 o

mn



Rzl R okt BEA B HAERERAERE - BLFHTAH A

A EAB R MR F SRR o BRI A A2 BEO T BN

S 1. SEFES HNAEEMBMATHELSL S
GSPN=( P, T, I, O, R )RAF®BN=( B, T, I}, O )&
B TR BLESSRRRBEMNEL  XERAACLAT S
BEGHRAFM Y R ANES o QA RHTEGLALBLY 5

k> AR FIEM > w0 B Ammar FA[1987T]ME A -

T 2. BRAVZRLAES - HWULEANTEEN SR
HERSSATHEELSHTFES - RELR P BALHAH L
B Sy BFSyRGBRRBN A HER -

T3 SHEE TR AT P

PB4 HETABHBLE-LIPHFENBIHERBREAMREY
Fik e
S5 Bk, ARE, SR E  RARHEERRET AR LM

REMTN -FBRAZLCEBTHRBERRARBLEME  BAR

1



(=i P (4-1)

HY /A TERNRET AL Vi@ X
PU)=PF [#% j2TFEBN FEAL M P HKEEY —Eeik

B AL P 5B RAES TRy T ]

JRTFEABNBP 2 Poiiehey i - 4 NEHE—E /st E 448

EME - (T-T -T2 P AH 0B B0 B R RS -

1.3 RER R E

£ RER - W s<r<r+Arg) Chapman-Kolmogorov # #
H(s,t+ Ay = H(s,OH (1,1 + A (4-2)
EPHa7hESREMROEELR REXHERKH(H 7
2|

H{sr+AH-H(s,t)= HsD[H(tr + AD-T1] (4-3)

HF/H¥mEr s L XPRUAr REBUERR AL >0 5|

1?7



H(st+AD-H(st) _ g H (z,; +AH-7

a{riio At (SJ)AIEO At o
EREFRH NN GBESy BERE
0= A{,ifo At Z ;ﬁr)—[ (4-5)
BREETRBNEREER  RTUERS
§H§J o HGH0w,  sst (4-6)

#4 28 S oF M 69 iE & Chapman-Kolmogorov F £ - A 9% B & ¥

Py(sHMEMG-)mE - Bk $RRERIHEM ME | LR

=)

]

Qt)=Q=%E & (4-7)

A 24+ AT % Chapman-Kolmogorov F £ X, 7T LU & &

1



dP(7)
dr

= P(0)Q (4-8)

EFrREABAKREGHRMR - & LXF3]

P(r)= " (4-9)

REREZORF=0,1,2,. 5K

7(0= PLX 0= J] (4-10)

Frod» iRE B ES

w(2)=[7(£), ()] (4-11)

BEAEANSGE ARG STREHRE XY B RAE - s}

BHERESHER
7t )= m(OYP(E) (4-12)

E¥ Q) ATk EORE  RaPo=eY, » mG-1D4 5

()= 7O (4-13)
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(4-8)(4-10) & AAF B3 F#2

) _ 0 (4-14)
dt

BHE R B E TS T RALTR
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o T %] 104

Edg R pHATREREARBE - REGRAT > 1=

(4-15)

8% > d’fdﬁo » #(4-14) % 5

7Q =0 (4-16)

i B by A (4-16) 4w

>ori=1 (4-17)
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REAREIAREAFTE AFHTHE  #2 CSPNEL A £
P aER] - AW 0 EE A SRR MATLAB L3047 » Bt XM

FrHgE—fo =

5.1 #—

AP FHRARBEHBEAGHT - HRFF RSB $ 4188
MABESHS @5 1 AT HAA—BRIEGEASEE -
B 0.2 A REARBTABNBET KT 2 & # (Markovian
rcachability trec) RMER T - iR E R LS AERBE
RS RETRORAREE L EAHAHELR KD~ 2
BF- RAAALEELEH LB LIABRKAHTHHER L ¥hd
HHBELaE TN - -M2-M3-M AR M- AWEET -2 M)
A B OK ah40 e i - M2 Rorde b o Daysdr] - M4 ATt dio
Feymprd - £k - M0, M2 and M IR B R B X RKEBREREAE 5.4 -
REHNA S 14 () (AR HNIITIERERIES

Wi = wy W3 (5-1)
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Wy Ws+ WoW;Wgt+ W WWs ot W W

Vg = (5-2)
]. _Hf'z W3
W, = WoWa Wy + W Wy Wy (5-3)
I =Wy,
2 wy, =0.1
W =O.9
¢+do+p-s
- P

N ”p+d5—5'

¢ +dé + p—5

_ D
¢ +do+ p— s

(5-4)
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Wio Loy = 0.5482

Wiy l,-o = 0.809

Wiy lg-g = 0.013 (5-5)

R A (3-5)R(3-6) s H R H S H S THAIRRS

T :gg—ME (oo =06.09  sec

BT AR M, B8 M, B0 M EEm 5% @ 5.4 (a)

pr e FIEE ) 5. A(b)Fe (o) AuIT E B M, B S IR EM, B

M, &
V)
s
V74
Ty =—Mg(s),,=25.38  sec (5-6)
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BHREEPEANGERE MRS - BRASASRFRE LK -
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THER - AHBE =2 -

* £ 6413 [Gershwin and Berman, 1981]40F ¢
() RESEHAESHEEEAR—% 2LREEEy [£
GRE SRS HBEIE - (S
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p(m, i): # % machinc #m &4+ -

p(m, p): MBIn ELREAHK -

p(m, d): BEmmBEETF -

p(b, kK}: AHEFAZE k01 9BEHBEZF -
tlm, in): AHCEXEPEEE M Sin-

tn, p): Afin LEMEEE AT R -

tm, £): ME i SENBEEE () k% -

,‘

tlm, 1): #MEin LENEZE ()3
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A
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1

1 J{ p(b,5)) (5-7)
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I M {p(2,0)}
p(2.p)}
{,

ﬂ/ p(2.d)} ]

iR M, BEA[ 1, 0, 0, 0, 1, 0, 0 |+ &FHSE A

4an



R2RMAFFIRE - Leag il &
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M, =[0, 0,
M=[ 1,0,
My=[ 1, 0
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M,=[ 0, G,
M,=1 0, 1,
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My=[ 1, 0,
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=
=
&
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1

W(:_

T 13-5
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C 135
"8
Wy = ——
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(2) MFAREHTEG-TDARG-OHX B 5.9 (WERFTHRHE

S RETMAKEZ SRORE LR B2 kBB A

MA—AFRLENEEHESZ PHRE - RARAENNZTE]
110 = Wy x W x W (5-13)
3
W) 10l = 0.0153 (5-14)

Bed AR Q-0 A KRB R H AR BE2 kXS FR RS,

M (), =0.4019  hr (5-15)
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% o PATHAIERI PRI 2]
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PIT EA

Wi 51,20 =0.0085 (5-17)

43



9

FleErdy  RBARSE ABSNFHMBRRERT

RAEMEB
& _
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B HER BN ATARAEKREL REXKXNRERY - 478

RN T
W, o = Wy x Wh x W (5-19)
W
Wi 21, = 0.0615 (5-20)

FA3-6)R > HRMBI AR HERE2 RANTMMRRE
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W, o = Wy, (5-22)

B 3t
Wy ooy = 0.123 (5-23)
RUMEE IHE HEREE AKSHINERE AT
é
Mo=ZM (g =027 tr (5-24)

PRARE 5.7 L% Y RNTAM B2 KA M B AT 548 -
AR HEERRATUEE - A — 24 A RBATE RS EL (5385

A—ERALARAREFV LA - FRAE eHERBKAM &

-

MOT AR - B AU REFRIAEEBI 2 FPEHR - BEK
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Xv,‘Ll
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i 4 BB AMEARBL FRAVKREAFLELA-ET
HREgREEREIZE -

% 5 BB AAXTMARBRMEERKGRLERENT
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H=1

A=0.2.8
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B L BAEERT =ls, 5 7, IFTr=n, 6 1, B3 4
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PI={R, B B B B K £ Al
Tl={4, L, 1p, &3, 14, fi3h
Al PI<T1}AT1x P1},

RI={4, u ; u}

(5-33)
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Mo=C1, 0,0, 1,0, 0, 1, 0)

Mi=Co6, L, 0, L, 0,0, 1, &)

M2=(0,90,1,0,0,0, 1, 0)
M3=(0,0,0,1,1,0,1,0)
M4=(0,0,0,1,0,1, 1, 0)
M5=(1,0,0,1,0,0,0, 1)
M6=(0,1,0,1,0,0,0, 1)
M7=(0,0,1,0,0,0,0, 1)
M8=(0,0,0,1,1,0,0, 1)
M9=(0,0,0,1,0,1,0, 1) (5-36)
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7y =0192967 , my =0.216123
7y =0313036 , 75 =0154374
77 =0.0617496 x5 =0.343053

7rg =0.027443

(5-39)
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r43=0 , rd4=10"" (5-40)
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Wm.15ls=0=1 (5-43)
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®|

£ T s ATRITR 69 B2 BE2 s KBtk RILEARER

57



HoahERE] -

B 5. 16 244 GSPN @ 5. 17T s =AM E A B L K E
B #BALITOREAEEALEH  HEHBEIHS

0.722126 x 1074

3= , ~
1074
WAl = —
107 -5
Wg 3 = W13 x W4l (5-46)
HIELB le=p = 1 (5-47)
HBIER L. 1T()F 8 Laeri &
Tiz = -;—M(s)g:o:zssm (5-48)

£ T A RS CSPN A § M BRBL2 AR AR
2 i RS AT hRBFLESSGADX TS

(6-48) K, - 474 CSPN (K LR B BEERR

_ 23847.9-20006.8
200068

=0.82 (5-49)

s



a

(2) BEAHEEDL 4a) £ 5.17a) BAKESHRATLEERE
BR AR A B AR A A
Ty 4 =10002.2

5-50
Ty, =138479 (5-50)
B 6y CSPN BT ERERR
— "
138479100022 o (5-51)

10002.2

(3) P REFAAMR B ARERKR S FRAUAGRA - BER
BE 5. 14 () #v 6. 17(c) » BB XER AT HERA TR

ENH IR

To1; =10004.5

(5-32)
T4 =138479
it GSPN ek Rk K B4
2 -1 5
| 13847.9-100045 o o (5-53)

10004.5

(4) BEAES 14(b) £5-17 (b) > RAFEHRE #1 LfrRu

H#RE2 A AMOERE

54



Tog =20004.5
> (5-54
Tip =23847.9 )

2 =081 (5-55)

FBHEALABRAAMKERN  $RESEAR HARHH
ITHBHRER - BH—RETUALS (SPN AR EFHOBEAE S
Bhe 2B AL EREAFTREFRAA R LB EGEHH

AT -

P

5%



& o

FRESHNSTIRANFIEHER - AXRETHRAMMKRE
REOFEARERSHRE 8 AEESHEKEZ OB
B oBARKEREBEREAARRALILABER - £ KX
RETHEEALBAOT,R U EAMME REBEE #15
REEFRE T HOMBEHGNLERE - FE L ARFT L LBAN
Hépod - LA =@M F2F BATRAMAEREL £ 4
BERTERERATRHER AXRBRATHEEL M BHERKA
EREMRSEARER LHEFTRERB -RE FHHPHYEM-

B F— 4 R @47 2 8 Dugan{ 1984 ] A i3 s L&) @47 35
G RRAAFARFRE -HI AR TAEERLLENLEL - &
FRBRAAFTH LEEHBMEREN T HERZ A R - AAE

44 FEFE AR HR T HHBLY R AT R A HRER] - 4

FEZRETEHS GSPN a9 F % - BASAR  BAKNarERa¥

HoMURBEARMREREIGTHAE TR HERFS b —
%

' BACSPN RERLRERBEA D -

A



TR EARAL AL LIRRRANE R ek $ B E
5% FREGSAHBARPMELABE  mAH SHROFE
FARLBEMH - AHFHETEAES B R VATLAB L3047 > Bt

RAMNRE—Fo -

57



£ & X B

Ammar, H. H., Huang, Y. F. and Liu, R. W., 1987,
“Hierarchical Models for Systems Reliability, Maintainability,
and Availability”, IEEE Transactions on Circuits and Systenms,
Vol. Cas-34, No. 6, pp. 629-638.

Ammar, H. H. and Rezaul Islam, S. M., 1983, “Time Scale
Decomposition of A Class of Generalized Stochastic Petri Net
Models”, 1EEE Transactions on Software Engineering. Vol. 15,
No. 6, pp. 809-820.

Anderson, T. and Lee P.A.. Fault Toerance Principles and
Practice. Englewood Cliffs, Prentice-Hall, 1981.

Bala Krishnan, N. T., 1992, “A Simulation Model for
Maintenance Planning”, Annual Reliability and Maintainability
Symposium, pp. 109-118.

Beachum, S.B. and Weir, T.I., 1984,  “Preventive
Maintenance Optimization Program at Big Rock Point Nuclear
Plant”, 15" Annual Conference Canadian Nuclear Society. Vol. 1,
np. 2¢/8.

Bobbio, A. and Trivedi, K. S. 1986 “An Aggregation

SR



Technique for the Transient Analysis of Stiff Markov Chain”,
IEEE Transactions on Computers. Vol. C-35, No. 9, pp. 803-814.

Christos, G. C., Discrete Event Systems, R. R. Donnelley
& Sons, 1993.

Dorf, R C., Modern Control Systems, New York,
Addison-Wesley, 5" ed, 1990

Dudewicz, E. 1., Introduction to Statistics and
Probability, Holt, Rinehart and Winston, 1976.

Dugan J. B., 1984, ” Extended Stochastic Petri Nets:
Applications and Analysis”, Ph.D. Dissertation, Department of
Electrical Engineering, Duke University.

Fresco, A. and Subudhi, M., 1994, “Managing aging in
nuclear power plants: insights from NRC's maintenance team
lnspection reports”, Muwlear safety, Vol. 33, lIss. 1, pp.
142-5.

Geilhausen, R. and Kunze, U.. 1986, “Improving nuclear
power plant reliability through predictive maintenance”, SMORN
VII. A Symposium on Nuclear Reactor Surveillance and
Diagnostics, Proceedings, Vol.2, pp.T. 2/1-8.

Gershwin, S. B. and Berman 0. ,1981, “Analysis of

59



transfer Lines Consisting of Two Unrelisble Machines with
Random Processing Times and Finite Storage Buffers,” AIIE
Trans., Vol. 13, No. 1, pp.2-11.

Guo, D., DiCesare, F. and Zhou, M. C. “Moment Generating
Function Approach for Performance Evaluation of Extended
Stochastic Petri Nets”, Proceedings of the 1991 IEEE
International Conference on Robotics and Automation,
Sacramento, CA, 1881, pp. 1309-1314.

Liu, T.S. and Chiou, S.B., 1997, “The Application of Petri
Nets to Failure Analysis,” Reliability Engineering and System
Safety, Vol.57, No.2, pp.128-142,

Marsan, M. A., Balbo, G., Conte, G., Donatelli S. and
Franceschinis, G. Modeling with Generalized Stochastic Petri
Nets, John Wilev & Sons. 1965.

Marsan, M. A, and Conte, G., 1984, “A Class of
Generalized Stochastic Petri Nets for the Performance
Evaluation of Multi-Processors Svstems”, ACM Transactions on
Computer Systems, Vol.2, No. 2, May 1984, pp. 93-122.

Martorell, S., Munoz, A. and Serradell, V., 1893, “An

approach to integrating surveillance and maintenance tasks to

Al



prevent the dominant failure causes of critical components”,
Reliability Engineering and System Safety, Vol. 30, Iss. 2, po.
179-87.

Merlin, J. A. and Farber, D. J., 1976, “Recoverability
of Communication Protocols-Implications of a Theoretical
Study”, IEEE Trans. Commun., No. 9, pp. 50-58.

Mitenkov, F.M., Vostokov, V.S., Drozhkin, V.N. and
Samoilov, 0.B., 1593, “Cost-effectiveness of low power nuclear
power plants™, Afomic fnergy, Vol. 7b, Iss. 5, pp. 835-8.

Molloy, M. K., 1981, “On The Integration of Delayv and
Throughput Measures in Distributed Processing Models”, Ph.D.
Dissertation, Univ. of California, Los Angeles.

Mukhopadhyay, S. and Chaudhuri, S., 1895, “A
feature-based approach to monitor motor-operated valves used
in nuclear power plants”™, [EEE Transactions on Nuclear Science,
Yol. 42, Iss. 6, pt. 2, pp. 22089-20.

Natkin, S. “Reseaux de Petri Stochastiques,” Ph.D.
Dissertation, CNAM-PARIS, June 1980.

Onodera, K. and Katoo, Y. 1893, “A  Successful

Preventive Maintenance Program for Aa Electric Power Plant”,

A1



Annual Reliability and Maintainability Symposium, pp. 146-153.

Patton, J. D. ,Jr., Preventive Maintenance, Instrument
Society of America, 1983.

Peterson, J. L., “Petri Net Theory and the Modeling of
Systems, ” Prentic-Hall, Englewood Cliffs, New Jersey, 1981.

Petri, C. A, 1966, “Communication with Automata”,
Technical Report RADOC-TR-65-377, Rome Air Development Center,
New York.

Pons, F. and Tomasino, R., 1985, “The French approach to
performance demonstration in the context of in-service
inspection of nuclear power plants”, [nsight-Non-Pestructive
Testing and Condition Moni toring, Yol. 37, Iss. 3, pp. 155-62.

Poong Hvun Seong and Dae Sik Kim, 1994, “Automatic testing
pattern generation for nuclear power plant digital electronic
circuits”, Transactions of the American Muclear Society, Vol.
70, pp. 339-40.

Qin, Yonglie, 1986, “The plan evaluation for optimization
of preventive maintenance of process control system/1nstrument
in large scale power station”, Frocess Automation

[fastrimentation, Yol. 17, Iss. 5, pp. 33-5.

A7



Roger, C. and Jette, P., 1987, “Concepts for measuring
maintenance performance and methods for analyzing competing
failure modes”, Reliability £ngineering and System safety, Vol.
20, pp. 135-141,

Roy, B., Mahmud, F. and Saleh, A., 1887, “Power system
health analysis”, Reliability Enginecering and System safety,
Vol, 55, pp. 1-8.

Shuo, W. Z., 1997, “Discussion on maintenance strategy,
policy and corresponding maintenance systems in manufacturing”,
Reliabrlity fEngincering and Svstem safety, Vol. 53, pp
151-162.

Simon, H. A. and Ando, A., 1961 “Aggregation of Varables
in Dynamic System”, Econometrica, Vol. 29, 1561.

Smith, D.J.. 1994, “Integrating power plant controls
increases availability and reduces costs”, FPower Engineering,
Yol. 88, Iss. 9. pp. 25-9.

Uchivama. J. and Sakai. K.. 1995, “A reactor monitoring
system for Japanese PWRs”, SHORN VI A Svmposium on Nuclear
Reactor Surveillance and Diagnostics. Proceedings, Vol. 2. pp.

7.6/1-9.



Yarno, M. and Mckinley, M., 1993, “Reliability-based
maintenance evaluations and standard preventive maintenance
programs”, [Transactions of the American Nuclear Society, Vol.
69, p.413.

FrElT TR AN R EE R » BT
o KRR TAZHTEATRE +550 » B 82 £ AR -

FRoERE ~ A - 1995, “EERFAE R T 2 REH

RRMBWIR", FEEEF I EEEEEEH &3 XE, pp.

223-228



Failure

Rate{%®)

Infant Useful Wear-out Use
Mortality Life Region Time
Region regton

aEn—

Y

—

Planning
ot PM

Continous
Operation

Planning
of PM

;

i

Comprehensive Preventive

Maintemance Planning System

Diagnosis Data of Remaining Life
Uperation and Maintenance Data

Recommendation of Inspection, Improvement

y

Reliable Operation Plants

Fig. 2.1 Comprehensive Preventive Maintenance

A



/

Epuipmeni Lt

{ A Plan-Shariilans Team

Haimtenance ¥ork

Aopdve delorivraled Fasis

e tect fon Crack and
Diagnosis

Aondestruciive Tesi (NIT}

Honiraring
avSLem

talibration of [nstrumci:

/

sis of deceriori
and
Kemaining Lite

Hara Cenrer

Maintznance Revords

3

Epripment Dalabase

P

Ty
[ I P A RV LTI NP VT F A

a1 icNaRe Kecoids

N POy N s [
Crdf ST i
Tremd of Rewaining Life

Feaulto of Semacrs Dugnuee

Artnal Jara

‘Rronance Foonnds

therafian Secoards

i
i
i
|
|
1
i
I
i
o
i
i
i
i
|
i
i
|

Common Darabase

PO N PG S N
O LoHTe

6




High failure threshold

5]

2

Abnormal

condirions
didgnosis/
prediciion

monitiQring

High warning value

Normal operation 7 V—h‘\ 'L.—-j) f

it

W

Warning siznal

TN

Time
n: -~
iy,

Y

I~

a7

S
Lead time

A region of
PM should

] ]
e Qe



® 2 ,
) n(i k) )
fa)
T iwgs) T
. @ -
o i L
()
Fig, 2.1 Befinition of Transfer Tunction
Wils) W2(5)

tin p! i 0l t2 p3 Luul

(s)
i i e i _— i
1 —_ 1 e 1
Source ik Sink

(b

(b
T L Cohmsvondisimnns mend T Reilaral amds
IR Y . v XU Lol JUNE S S S UURE R B T oy N U A R SRS B 9 vt S

AR



Sick

Ix

Source

aifls

W2{s)
Wils}

i’
.,
at
= -
L =
i o o
=
i F - s
e
wew|
b
i
=n)
oy .
dm? mw ! \
=t wm \ /
[ S .
n:f ) i
=
=
5l
o i
et
I
By .
A H
A
18]
%
i -
- o
..h". —
L b2
-
i
——
-t

e A - tf

ey

o [

Sonree

)



0



4 % 5
! Qg i H
' ——
E D :
1
Limpe
6
F

Tig. 5.2 Markov Chain Representation of Fig 5.1

71



o
p _
-\ ; ../.. o " R
:, \._. ,,__ ! /. / /,._
i : : i | ; :
! h / \ ,, k _./
‘, _ | ., i
! f __ ! '
, _ o f.
' [ = = e — o
s e
<o \ ) < = w = T «© >
) I..J..C..'v o ..tmv’ = e, D ey < o
o o < = & —
< d — [ = < o
- o b= > | < o
' { I
IR, |
, ' \ _/ Hj \
H ! 4 \ ;
4 / _/ _.\ Y i ! .‘,
: / \ ! § L / | / 7
i . : ) " i
- :
e - g
== - — "M Mm Mm

Reachability Graph

-
2

Fig 5.

77



N
HvS

MO

_ [N

w3

(a)

Y

O i_

= 10

_ VY
v
.

52 R l -

| w Sl 1 ..
}-,: —3 {5 )%

{c)
Fig. 5.4 The State Machine Petri Nets

A

LY

W



—
H=
B
o

i

L2

Ly

o3
e
Lanf]

e e s ]

-Buffer (2M1B) Production Line

74

POD.XD

Fig 5.6 GSPN model of a 2M1B Transfer in Production Line

Fig. 5.5 A Two-Machine One

pl. %)
Aol




f" " \}—"'i_'——-‘f - j]
N/ N/
|
o . — - -
i 7N SN UNTT AUNTT N
) ) U A U A G
— — N N x,/
\z(].m
L \\L
£ O a0
l\\r// A Hl‘\_/’}
!
i
o e
i
K\/! 1\/

Fig. 5.7 Reachability Graph of the GSPN Model of
A 2M1B in Production Line with n=2

75



1 s,
7N N
)

AN pd
T

|

Iwa
. Sy
/ A
(w0
\ /

NS

Fig. 5.8 The State Machine Peiri Net

7hH

/—-\ o7 //'—"\‘\
A / AY
S S
/ \ /
S~ S~
;
|
| SN e TN m TN
)
R
\ ~



Fig. 5.9 The Individual State Machine Petri Nets
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Table! Input Parameters for Example |

Rate

Portion of Faults |
Transient | 0.90
- Transient Fault f 0.1/sec
Disappearance | !
£ Error Production Rate; 0.01667/sec ;
o Fault Detectability 0.95 5
= , Fault Detection rate 0.05/sec
Z Error Detectability 0.95
f Error Propagation 0.1/sec
|

&5



Table 2 Description of GSPN Modeling in Example 3
Pland PS5 | Available Buffer
I I |
[ I |
., P2and P6 | Task in a Buffer Waiting for a Free

Machine

b
|

' P3and P8 ! Task Executing in a Machine
| | |
. P4andP7 | Available Machine
.l | |
' P9and P10 | Failed Machine
‘tlandt3 ¢ Task Arrival with Rate 4 1
! .l |
v til and ti3 1 If A machine Is Available and A Task Is
; \Waiting in The Bufler Then Start
: 'Processing of That Task |
. 2andt4 : Completion of Task in a Machine with
| |
| H |
‘t5andt7 ! Available a Machine Failure with Rate !
| |

F

H
-+
T

. Machine Repair with Rate
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for 1=1:1:30

W=2+0. 647 (0% 1)+27 14047 (0 . 8+t )+0.32/ (0. 8* 141 %t)

+0.256/ (0. 8% t*t+t* 1%t ):
R=1/W;
Wi=(0.8/1)*R;
Wi=(0.32/t*t)*R;
W8=0.32*R/(t*t+0.8):
WO=0.256*R/ (t*t*t+0.8%t*1)
W2=(0.8%t+0. 32 ¥R/ ( t*1):
W3=R+0.4*R/ 1+0 . 4*R/ (t+0.8);
Py =ReWS+WR+WO+TS
P1t)=1/(P(t)*0.0001):
P201)=1-({P1{1)-10002.2)/10002.2.

plot(P2)
end
xiabel(' Firing Rates of 2 and t47)

vlabel(™ Accuracy')
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for t=1:1:30

W=240. 64/ (t*0)+2/t40. 4/ (0. 8+1)+0.32/(0. 8% t+1*1)
+0.256/ (0. 8%t *t+1*t%1);

R=1/W;

W5=(0.8/t)*R;

W7=(0.32/t*1)*R;

W8=0.32*R/ (t*t+0.8);

WO=0.256*R/(t*t*t+0,8%1*1);

W2=(0.8*t+0.32)*R/(t*1):

W3=R+0.4*R/t+0 . 4*R/(t+0.8);

P{ 1 )=R+W5+W8+WO+W3 ;

PH )=1/(P(t)*0.0001):

P2()=1-(P1(t)-10002.23/10002.2.

plot(P2)
end

xlabel(" Firing Rates of t2 and t4")
ylabel(' Accuracy')
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