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Abstract; For the reliability assessment of products with
Wiener process degradation, a new method of Bayesian
estimation was proposed by analyzing two factors—prior
distributions and loss functions. First,
distribution of the parameters was theoretically derived with

the posterior

the assumption that the parameters of Wiener process follow
the conjugate prior distribution. Then the Bayesian estimation
results were calculated based on the quadratic loss function,
absolute loss function and 0-1 loss function respectively.
Finally, the reliability assessment of aeroengines was analyzed
as a practical example. It is shown that this new method has a
wider range of application, and its calculation process is
simpler compared to existing methods. Moreover, for the

YR B89 2013-07-18
EETH. BFR B RPIEES (60903033,11271289)

reliability assessment of aeroengines, the parameter
estimation based on the absolute loss function has the best
fitting of these three loss functions.

Key words; Wiener process performance degradation model;
reliability assessment; Bayesian estimation; conjugate prior
distribution; loss function

&4 B R SEPE AT R B T e B , WAL R AL
2RSS PIFE R EA SR K EFw.
INFRERIRR . 2R IE 200 | B (] S8 AR 23R, B SE
HhxE LR AR R A B SR ORI, ) A R AR b R
FRESTE—INEEERNNREE, A0S
PR RR . BEALI R AR SR 2 SR, = i A R A T V5.
KT H) A BE ML R R A 7= i v RE AR AL A R I B 5T
Wiener it 22— E AR, it & B LR
A0 ok g A AR K B ROk TR AEN i
B BRI VT B R AT EAS. X TR
SR, REFCCBCR AR R R ik, 2
FHEDIRET Bayes Jrik, XA %5 8] b i &2 504
PEATALER, 25 1 T 2T Bayes 7 IS B0O% AL
Tk, RE%ES 1R A Bayes FiE%t Wiener 115
BT R, X R R LA W S AT AT, AT
FAHRABURME T s Bayes R EAEFHE K
A B TS At A SR EA.

EAXEPEARERT Wiener IS H M
Bayes {51338 , (H%} Bayes ffii145 5 K s mifh 4%
R E R RAIEHT. o345 B 2% bR B0 1 B
FIR Bayes fi 45 S0 P8 A4~ B B 5 T, AR
R HE A SR I8 4 A5 A 2 R B, 48 SCE o A
RERSMMBEBREANHEE, BH—FFH
Bayes Jrik. Jolf oA il A kR A LE R
eI Ay A . BR RE AR B AEX ST A T

B HEWMAQITT, L, 00, THEEB L, FEMIE YA MBS R TR, E-mail: yinhuilin@tongji. edu. cn
BRIEE: B Q977 ), 2, IR, Bi2HE -, EEH R RS R AW EE TR T WMA. E-mail: 02017@tongi. edu. cn



R

FHEIK, % - Wiener R R4 BRIB AL & AT FEAE DG HT Bayes Jrik 1235

SRR A P R 25 A TR R R B K. S E A S
BR XK 0-1 iR 3 B, ASCHE Bayes diHH4E
TSR Wiener SRS EAE T, DI 416
AR BT PR RS 0-1 #4% 3 FhiR
2K BRY, WS HY Bayes AT EIE 2T, I LA
238 R NPT SEHE VAL o 3241 , SR EX Bayes £ 5%, i i
183 & S L] 58 M K T A% 77 1 ML 28 2 B oR B A
T B S R R LR AR N FE A
B R RFEK % Wiener IR SHM R I /3T B
AR ZHEAE I EBESBEEMR S, A, h
SIS R EE W X LS & S HL AT PR X —
5 8 L FH 5 T B4 S i 2K BRSO S U S I LA R
FEARTF BT Jr i 2 K 0-1 5k k%

1 EF Wiener 3 &1 6ER L 7= M
] SE MR

1.1 Wiener 32 K gEIR L H iR R

Wiener 3372 32 B2 F SR X Rl a2 Bl B Y

PRE IR BT, RN

X(typs0®) = pt +oW (@) )]
KB p NEBSEGo BT BSEGW O IR
HRBEs, H EEW @ ]1=0, E[W ()W () ]=
min(; ,2,). Wiener I3 E LA TR . © B2 ¢ 3
t+ar ZR G E IR IES 50, B AX=XG+AD
— X ~N(uAt,d A ;@ TR
BRI ] (st 1o [tssta ] B 61 <t <t: <04, 3 B
X)) — X)) 5X () —X@)HEMA ;O X(O0)=
03 H X 7E =0 kbiELE.

B FE—HE ™= & R N AN T AR
IR, WA ¢ P BITER 2 £ st o0y i, HEAT M,
W&, Horh 1<GIN L8 30T P RER AL B4 -

X(t11), X(t1g) 5o ,X(tlml )
X(t21), X(t52) 5000 X (o, )

X(tm) » X(tne) ""’X(tNmN)

% B i M RETE P IR N 2 2 ) B AR AR IR O
X EEHE . IC Ax; =X (i) — X () (=1,2,
<y N3j=1,2,. .. om;— 1D, M Axijjgﬁzlgi TERTZ
£33 240 Z I AIRIL R, NTTAS 140 T BORE -

Axyy s A1z 5t s A1 1>

AZz1 5 AZzz 5% s A3y 1>

Az s AZNg 9 *** s ATNGmy—1)

18 75 =ti+n — L AR PEREI &R 2, i+
Z eI A » B Wiener 5378 B B AT A1
Azy; ~ Nz d’t;)
BRI o FPELAE B RN A IR] B I (6] TR B, 38 R Ay
4B 4
Ax=[Axi s Axs s+ s Axg |=
[Axy 5 Arz 5o s AZ1ny 9 AZ31 5 ATz 5%y
Az, 3*** s AZB1 s ATpz »°** s ATpy,
XiF 07 B8 0 B I () (F) PR AE 2R s 7oy vees Tme Ay =
[Azy s Azsp s +++s AZyy, 1, 1<6<<B JkIE T4+ 1
N (uzy 6 o) BT R AR,
1.2 FTEMETRE
fBRIE L A7 i BRI SR80, B 247 5 i P BB IR
PBRIRF] LI R0, W G RO 8] T otk
REIRAL B UGRBIRABE [ B
T=inf{z | X&) >1, t >0} ),
T BRI 43 207 JH 437 R BORI R 2R 25 B o K
vig: )

Fo = o A=)+ endo(—£=1) ()

ot ot
@ = V2" &0/ @
HERETT SN
R()=1—F@)=
(N (Tt
1(P<a«/t—>+e @( a«/lT) )

2 Wiener TERMSH u,6* W
Bayes f&it

SR SCI 0 H A TofE B G5 4 A A b4
Sem oA, fESCER[2]H , B Wiener SRS H 0
= (0" ) A TCAE B Je B4 7 , PERBIR L 53 AR M\ IE
oA B —KE R R, 183 0= (ur®)
JRMIEZR -3 Gamma 4375, AR 1T T 2R K5
0 WK A S5 A 3T Bayes f#. h T BRE B LA K
5% Bayes FIETERMESEE 1 7310 B 938 A1,
BEBSE 0 B ILHE6 58 73 A0 , P BB R 10 B8 i
MIEEUE AT, RIGSE 0 MR IR, L5k
SRR SE 0 MR o (O, 13515
(0| Ax) SR (0BT R—LE0m ik, Bk
AL 5 5 1 PR — 3L

THEAER 14 T R ER BRI T 5L
ARG T SRR, IFEH T %5k
L s i B b v Sy i



1236

B B K 2 2 (8 A B2

ERRE

EIE 1 &(Yl 9Y2 [ ’Yn)T =Y HﬁM#ﬁﬁﬁﬁ%ﬁ

At P AR R 2% B R HCH
F = hexs| DQBT. —bB)
WIS B R R AR BT B
7(B) = Claymyexp éa,ai B—mb(B

UEBR B B A SRR T R A
(B | ) = Cn® f(y,p =

k
Cwexp| DJa (B —mb(® +
i=1
DAPTD =5 =
i=1
k
Clyexp{ D) Lo+ Tu(»1Q (B~
i=1

m+ Do)
H W R R E R BA K 2 (B 3) oo

k
D21 QP —mb(B , Hh o i =+ Ti(y) ,m' =m
i=1

+1, 5%80MmE T R—E0mik, HSHK ik
B0 PRSI o A R BRARIE

H T IEZS 2310 2 48 B 23 A i — R AR BRI 0L
’I‘%‘%}E 1 PFH:E?&%&J\ﬁ, BICY,, Y, Y, )T=Y yg
ST RENUREAS, Y, ~ N (g, o®) , MIREAS A 3R 25 JE BF
Boh

fyspso®) = exp(——zy _|_£Ey —
% —nln v/ mz)
PNITEI e st v i)
fr(y,oz):C(a,m)exp[ ;;2+_E_
(Eo%—’_n In v/ 276° )]

LAERH 1 R, T A H 0= (u,o®) BTG TS
2. T J B

Axy = [Axy s Azpg 5+ s Axyy 15 1 <<H B
NFRIET Nuzs o o) B AEAS , BUZ A HEA B R
HEERECN

f(Ax,/z,O'Z) =
!
- D1 (Axy — 1)’
1 " = «
< 27[0'27_'1) exp_ 20° 7, i
n
b — 2_
L o T ;(Ax,, )
( 277.'2)'2‘[2> exp_ 2027‘-2 i

eee X

DAz — mﬂ}
i=1

20‘2 TB

(o) o]

B, 1 & EA-T?;
(27[')7%]17.';—21 Xexpli_ﬁ; 1=1‘r- +

B %

B
#zznifi
i=1 n
;‘%;;A@j— o7 +21n02Hé

AR exp[Q O T (Ax) + QO T (Ax) —
(]
Hr

h(Ax) = Cn

);'Z’Hrilzi
Q@) = (_W’ £)

B EA.ZZJ B
(T (A, To(Ax)) = | 20 s 25 25 A
B
#ZEnm
_ =1 g
(e = o7 +—Ingd®
n—zn

NAREER 1,0—= (y,oz)ﬂgf'ﬁgﬁggl%ﬁjﬂ
7(ps0?) =Claym)exp{Q (Dar +
Q (D ay—mb(D}
M 6= (e, ) WY I 3055 P BB 5 R
7(us0” | Ax)oCexp[ Q (O) (a + T (Axy))+
Q (D (a; + T2 (Ax))— (m+1)b(O ]
B AT A%, 2 B U5 3030 5 BE SR

oo
2(u | A2 =L (s | A)dd?

o WG I %% B R BCh
7 | Ax) = rroofr(;uoz | Az) du

PSS BRS04 A Y R 38 A HEAT
T EIE Sy, Bayes {345 R AN H 5 5616 7316 i ¥ 8
BFR, UEHARBEHBEIAE X Yl omkE
Ja s AR R K BB H A Rl Bayes A& 1T45 5. 45
REFRRIESE O T, REHP d (d BPSE 0K
) B 25 A5 T 1] R SR B 2R B i I 351 K% R4
B SEFHK, L, (0,d) =(d—0%; xR, L, 0,



R

FHEIK, % - Wiener R R4 BRIB AL & AT FEAE DG HT Bayes Jrik 1237

1,|d—0|>¢
O’ | d_ﬁl <€-
O- R B 3R R, A — A HIk d SESE 0 W
BEBHROR, MR N 17 d SESH00 MERRD,
M 2% 24 0.

SEJ O BRBUMBLE T 0 1 Bayes fliiH 452
SRR I 70 I IME , 48 045 2Rk R BORT 0-1 22K pRi
$UBE T 19 Bayes i85 553 5 0 J5 16 2345 1 o AL

BORUR BABL RIKITH O, » O, T O,

dD=|d—0|; 0-1 #%,LG,d)=

)I%eBLz:(#BLZ ,U%Lz)yﬁBL1 :(,MBL1 ’O'ZBL] )503\/[:

Cpuant na) R AR (ORI (), BT 487 5 ) B4 7

3 MZEXR VLA EME R LH

EGTM (engine gas temperature margin) Nk
HPEETFEHEN BREBEFGETHRENRRE T
i R SPHFSIRE EGT 5 EGT AR EZ MM %
18, [FB B3R & S R o RALIEH 51K, KB
B KA RR BTk S . EGTM 2323 8550 5 1Y
i, S (L B BEVL R A, B AT DUGE 43
Prid & EGTM i193B Ab MR R 1Al & S L eyt BB ]
FEMELL R T & SPLE R & F . K3l EGTM {E
3 H B A ShHL AT 5 vk 2, B LA & 3h
MLt 2 e BLE X(OFERI X)) =S—
E(. K, S HFES RBHLYI 6 E 2 i EGTM
{8, BPF A SPLEGR B 1R B J5 “18 2 Qi ™ i & sl
WE R GE—E; E( R ¢ Bt %] EGTM {§. EGTM
R O B R IEVLN HEAT B 6.

AICRAEMEB ARRERE RKFPIL 18 &,
8 6 £ EGTM fH, & WAL ¥ 5, BRI LK h 100
ATIEFFAES 100 F£E 3600 i) EGTM {H. [ 1
HSER RN 18 BRIV REIR LR, A FE
RWBHARTE 1 EE2E 17T AhEEN 6 X
BN REY fvuy N

BEVS R 2 EGTM {82 S=75,
HARBBMEN 0. BA XHR[5, 9] Monte Carlo J7
B4 Wiener SRR WEHSHERE , R R XTALZE & 3
PLISED EGTM ¥ 45 B B i#4T K5, SR A SPSS
G4 EY Shapiro-Wilk 2% , K5 , 52 FriR L &3
BHHEIR A Wiener i 7#2, BPRIL R K

X@®) =pw+oW (6

HREESR 18 ERIPLTH 3 H 5 1~6
BNFELIHET~12 GRNFE2H,56 13~18 5K
5 3. RAEE 1 AP KN 100 WATTRIR AR, 56
2 HA KA 200 "KATIEINBOBHE , 28 3 HAK R 300
TRATIEI B AR , B[R] BLA 100 "RATYESR, B o

=1, =2,73=3.

80
7018
60F
50}
40f
30t
20t :
10f "ED
OF *

_10 1 Il 1 1 1 1 1 I}
100 600 1100 1600 2100 2600 3100 3 600

ATIERR

1 %3hHa EGTM 8558 Lt 72
Fig.1

EGTM {8

EGTM performance degradation

process of engines

EREMNZEITHIET (FF Intel (R) Core
(TM) i3-2100 CPU @3. 10 GHz 4-#i£5.4. 0 GB §
£ PCHLHH MATLAB B ELHiE B, LLERE A X
Wk BT F O 36 5 A4S0 2k 132 A [a). 4 B SCER (2]
BRI TE, #TTERER S HKRER AR
Bayes fi#, #6020 3. 29 s; KX E RFHIT—KE
33K i J5 115 Bayes fif, FERT M 1. 45 s.

B RBET (uy ) B0 B IE A3 Gamma
370 BRI SRR A , Hoh S BT L e e
REORBE. TR HERBE R T EZR o« R IE
oI A S L BRECR (0. 010 3,0. 45X
107 IR M AR T 2 A BN E M 2=, il
Gamma 73 i S B LT AR B o 1 Se 56
Gamma 43 IS ECH (5. 2,1, 12). 2 1 51 H T ¥EH
3 FAR R R R RIS S5 0= (1,67 ) Y Bayes
f&3HE.

R1 B8 0=(p,0")8 Bayes fhit{E
Tab.1 Bayesian estimate of parameters §= (p,0?)

R A% “ o

TR 0.010 8 0.421 32
#XHRR 0.010 5 0.416 42
0-1 % 0.009 3 0.417 92

RS HhTHE T HIRAR G ML), RGBT 5



1238 H B K% %A RBER

ERRE

JE R TR 4% 77 e R BE BR 5, A 2 PR 3 B, i
P ik AT H , SR ER A X 45 Ok BRI P S R A

1.0
0.9 — H%fH
0.8+ - U P A HURE
0.7+ N L e VR
' N Bz 0-1 R M
0.6
& 05
F oat
03
0.2
0.1r ) i
0 5 000 10 000 15000
TRATOREE

B2 ZNTEENMET
Fig.2 Reliability estimate of engines

18- s
16F AN — ESE
141 P - Rk
< f." P il | Vst MUk TN
s 12F i e &5 0-1 KT
= \
m 1.0+ / )
K L
o 0.8
B 0.6}
04}
02} :
0 5000 10 000 15 000
CATHEIR
B3 EzhEFEGEESRERBMEIT
Fig.3 Lifetime probability density function
estimate of engines
4 LEiE

FETHRE IR LB 0 AT S VRS TR R AT
KA /N S TSR DA ) R T
IR, E Xt Wiener i3 #2188 1L 7= 5 B9 AT SV
i 15) , A 3CHE Bayes JTIAHEZE T , X2 Bayes fi#
BIPTAN B & 5B 104 A R R AT T 9T, 3R
T H AT Wiener SRS HME T, Wb Tt
BT T B R LB RAE. X FER &, A
CTAEAI B P H E RS © A CRE Wiener i
BSEONEH I 7070 | RE IR L3 3% IR A 5 3k
B4y , B SCEMBRE S BN M5 B Je 3401 M RE
BALEEE IR ER 0, A B TE RSB R
Bam BEAE ZHEAEMREE. @ A X

HRTE Bayes fiiF B2 o, 17 T WG 1850 1 AR
#5115 Bayes f#, B RS BE I, WA S L FE#
17 L RIGIR4r1i >R ## J5 BPRI 1135 Bayes f#, B B %
R TBEAR. JeAh , A SCHE o % A28 & sh L] 4
PEAG S SF 7 1K T S B0 B BB A 1 e X 2k
THERA M PAIEORN 0-1 #1R T M5 AR KR
A L3R, A T 4 3 i — ¢ e LA 5 3 Fh i 2k bR
B PR B A X 2% BRI SR TS R AR

S0k

[1] E/HREBELESE. MESRE SRR R L™

ARG ], BFEER, 2012, 40(5): 977.
WANG Xiaolin, GUO Bo, CHENG Zhijun. Reliability
assessment of products with Wiener process degradation by
fusing multiple information [J]. ACTA Electronica Sinca,
2012, 40(5): 977.

[2] EZ#4,F244,%IETR. Wiener 53784 8838 1672 & AT 43T

fi#) Bayes ik [J]. R4 TR ML H55LER, 2010, 30(3):
543.
PENG Baochua, ZHOU Jinglun, PAN Zhenggiang. Bayesian
method for reliability assessment of products with Wiener
process degradation [ J]. Systems Engineering-Theory &
Practice, 2010, 30 (3): 543.

[3] ®/NEHEE FARE. HURREZNIERER LI EER

S#R&FaibiI]. BabibER, 2013, 39 (5): 530.
SI Xiaosheng, HU Changhua, ZHOU Donghua. Nonlinear
degradation process modeling and remaining useful life
estimation subject to measurement error[J]. ACTA Automatica
Sinica, 2013, 39(5): 530.

[4] TangJ, Su T S. Estimating failure time distribution and its
parameters based on intermediate data from a Wiener
degradation model [J]. Naval Research Logistics, 2008, 55
(3): 265.

[5] RZE,AHE, R T Wiener M RN RWIESE
AIEEAETRII ], Atz sh ek, 2013, 28(5): 1006.

ZHU Lei, ZUO Hongfu, CAI Jing. Performance reliability
prediction for civil aviation aircraft engine based on Wiener
process[J]. Journal of Aerospace Power, 2013, 28(5): 1006.

[6] Wang X. Wiener processes with random effects for degradation
data[J]. Journal of Multivariate Analysis, 2010, 101(2); 340.

[7] Chikkara RS, Folks J L. The inverse gaussian distribution
[M]. New York: Marcell Dekker,1989.

[8] FHiEm. SHGEIHHEAEIM]. LR . HEFHF KR, 2006.
WEI Bocheng. A course in parametric statisticsLlM]. Beijing:
Higher Education Press, 2006.

[9] fEM4. RAURSIVLE:REA S V4G 57 R Far B 2 ik ot

% [D]. ME.BEEMEMEAY:, 2010.
REN Shuhong. Research on methods of performance reliability
assessment and life on wing prediction for civil aeroengine[ D].
Nanjing: Nanjing University of Aronautics and Astronautics,
2010.





