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Equipment RUL Prediction Oriented Parallel Simulation Framework

Abstract

Abstract: As the equipment states are complicated with uncertainty, predicting remaining useful life with
self-updating ability has become a hard task. Simulation provides an effective way to solve the problem.
The concept and technology framework of equipment remaining useful life prediction oriented parallel
simulation are proposed based on parallel system theory and the concept, characteristics, capacity
demands and functional compositions of parallel simulation are introduced. The main modeling
technologies of equipment remaining useful life prediction oriented parallel simulation are discussed,
which include awareness of equipment degradation state, construction of equipment degradation state
space model and evolution of equipment degradation state space model. It provides references for
building equipment remaining useful life prediction oriented parallel simulation system.
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e RUL FOUINHS J82 1) DG B A0 T AN W M 5 b 46 0B
PRI 5B A6 SSM i H 45 AT i [
{k(Data Assimilation, DA), HIiIFE%:%iE1k SSM
o B 1) A T 3k TR 2R O B RS TR
BRGE, 2 ST I FOTI () Jemilh o 02 a5 Az FH Al
FH PR 2 I 5040 (R A S0, 28 F I 25030 ) Ak 7
LT R K B (Kalman Filter, KF) & H ik
VAR T UE K (Particle Filter, PF). JE-T ¥4
5 7] e B0 R RS 20 By L e A S BT o) 26 4 B AR
BUATIR BRI RE, M BRER 060 5 X e 1B IR S
{18 ST FH 58

KF BETEARZS e AR L AR 22 s W o A 1 ol 1
1FEPRSEAAG T FIH KF S0 SSM i s ik
2 AR TN M SER B A D BR, FIUIAE FiE AR A 24
k W% SSM IR R TIM k+1 BRI PPRA R, B
DU FE AR o WA X k+1 I ZI RS Tt
HIATEIE, 1928 k+1 B ZIRE R s
o HEEARNAN

X 1{+1 =M, X, i 4)

Xia =X+ K (Voy — Hy g X[0) ()

Kin=(HaPo) THea(HyaBly)' + R g7 (6)
A X7 0 kLl IR RO s X7 S
I 2R SRS AT My 2 b PRI B k1 I )
MRS BUIC R K2 k+1 I 238G 25 5
Mes Y2 02 k1 IZIPRAINE; He, 2 k+l
I ZN IS5 Py A k+1 B ZDRE ST 5%
ZEW T MR, B k1 I RS TR (35
ZEO T ZERBE s R,y 2 kL B2 S0 0 75 (e Bl 2
FERE

T it PP SRR 52405 -+ % 77 15 (Sequence
Monte Carlo methods, SMC), ZfifuIRZttzshA
RS T DI v A 20775, Hoz0 A
2 FH— A BE AR A S A B R R E R 7R Ja
0 M e P pR B, XA T AR A R SR A

E R
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(Sequence Importance Sampling, SIS), BfiHLFEASFR
BT o BB RE AN N AR G 2 4 A R
FEIRIL N AN RCEREA X Wi s w2 BEASRL
TR, NARFEH, TR, N2
B IS, RS 105 St n] LA i 2 (7) 3 A -

N
p(X} |Yrk)zzwi,k5(Xl?_ka) (7
i=1

p(Xﬁk |Y1:k) .
Q(Xﬁk |Yl:k)

N
Swe =1 (X7 | Yy ) AT BEMEA % 8 bR 5
i=1

Arh: () & Dirac K% w,, o<

L~ RV T L U R SR P A 0 SRR AR A S A
DUl o o SO FRARYE & I ZPRAS /a1 S
BoRER p(X] | Yy) 133 k+1 I PR TG 1) 5%
W p(X [0 V) » SEHRARARE p(X /1 V) 73
B e+ I ZPRSTEE 5B (X Vi)
RLF USRS I AZ Ot 1 SIS 753 X7 Flw, o
BT UEAT AR R, T RREPR
fE R TT I o
3.3.2 BT SH M EEREESHEL

A @) T HAIBL SSM RN Z 4L 0,
O SE IR AR ARE A A 1) B SRR AL, (HEAE
J ] X SE SRR AR H AR 1), 7 EEAR e IR
WEHERT 0 AT LAl v, RISCIRSH0sifh, wlik
FH R 7395 32 A0 BRORARLAR A v SRR 0 401 B e KAk
(Expectation Maximization, EM)P%42yE4, 4 kA,
SRS TH AR T ORI A vy, B0 LR
PREOTF IR KA 2] 0 Al vhEE R, @),

6 =arg mgx L(y,,|0)=arg mgx Inp(y.,16) (8)

e pony, |0) Fos BRI yy, FIBCA LR
SRR AR T 0 2 BENLIK HANE HE AT
B, ARMERIRBARAL TR AT 0 (v EM 5
TR AU P AT R IRES ) SSM R FN S ALK
RABRER AL i o b S T R IR AT B Hof K
A (e yr, ) R EAUSR R B 0 PH IR, mT A2 0
AR ARG T, SEBL 0 I BEBrstl, wnk(9)
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5 :

W, BT RUL MRS R R, b
¥ & % Monte-Carlo {5 B 1¥ 0], BR-FRME, A

BFCHE .
4 i

B CBM &b BAT B BT RE I 1) RUL T
MTR, G55 TATRGIRSEMHA, 1 T
i) 4 RUL Tl i) ~PAT 05 LR & FVRE 0, 2 77
SPAT A B R G RE ) T SRR T BB i, [l 9 4 ok
A1) SSM AL ), TS 1T ke %% RUL T
WEAT T B BEREOR, 53 & RIS TE
SN He £ IR K SSM R FIRE 2% 1R 4K, SSME AL
Jo BN S B AR R £, 0 AR SCHE HH R T 1 2k 4%
RUL Tl i) AT 05 B AE JLiEAT 5L 50 56 10E .
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