176 56l BOE MmO BT R Vol. 17 No. 6
2022 4 12 Chinese Journal of Ship Research Dec. 2022

W 48 B % ik : https://kns.cnki.net/kems/detail//42.1755.TJ.20221130.1558.001.html HA I M 31k : www.ship-research.com

SRS R, R, JA A T A i AR A I S il AL A i T 0], P AR A 5Y, 2022, 17(6): 126-132.
ZHAO S H, ZHOU H, ZHOU S W. Residual life prediction for marine diesel turbocharger based on Wiener process[J].
Chinese Journal of Ship Research, 2022, 17(6): 126-132.

He T R AR S ihBL Y e 45
ity FL
X SR, L, JH A

1 b An S ALAF % BT, b 200090
2 EAAR A 5 R, #dk KX 430064

Eﬂ@&éi

W OE: (8] %HTEI“HEI S IMAL I F 45 e LA SCAE 21 2 A i o] 30 1 R AL B s Y R) R, R — R T AR g
R A m B, [ F% ] 5k, AmKMeansffﬂ‘lxﬁ*F%%M%zﬁI/}ﬂ:&ﬁ%* PR MY T 00 4K
Pt AR5, {81 P DLt 3y 5 A8 RS I ASE 7R R 31 38 i 2 Y B B s R, T R T AR AN AR A AR AR AR AL, I DU A
M S MBS 4% R B R G, TN B RS AR am . [ &R ] G IR, 2T 249450 #2019 55 A Bl
J7 Y RE S A0 R 7 B R 238 4 Iy SR AL B R A 1S 00 T X 19 R B Y R A B b AT IO . [ &3 ] TR R
/U W AR A T A S e ALY e i T B — R IS 5 N E .

K AANSHL; IRERI RS Far i dgEgnad R AR SR

FE %K S: U664.121 XEFRERS: A DOI: 10.19693/j.issn.1673-3185.02666

Residual life prediction for marine diesel turbocharger based on Wiener process

ZHAO Siheng'', ZHOU Hang', ZHOU Shaowei’

1 Shanghai Marine Diesel Engine Research Institute, Shanghai 200090, China
2 China Ship Development and Design Center, Wuhan 430064, China

Abstract: [ Objectives | In view of the difficulty of collecting the full life cycle performance degradation
data of a marine diesel turbocharger, a life prediction model based on the Weiner process is proposed to pre-
dict the residual life of the turbocharger. [ Methods | First, the K-Means model is used to cluster the actual
operating conditions of the turbocharger and extract the typical operating condition data, then the Bayesian
change-point detection model is used to identify the defect points of the turbocharger, and finally, the residual
life of a certain type of turbocharger is predicted by the Weiner process degradation model. [ Results | The
results prove that the proposed method can predict the residual lifetime of the turbocharger without the histor-
ical degradation data of similar equipment. [ Conclusions | The method proposed herein is valuable for mar-
ine diesel turbochargers without fault samples.

Key words: marine diesel; turbocharger; life prediction; Wiener process; change-point detection

0 B = EARFENZA TR TR . RASE"RH
CFD, FEA {jj £ Fll FEMFAT %% %5 11 % 43 #7 % 1,

358 14 R A8 VE g 48 TH 0 S AL D) 5, ok X4 AR i e AR AR AN R T 00 T miR . R AR A
Hemote e B2 FBr, M nsh h KRG E L ARG O L 8 AR e B A i 9 5 1 5, DA
PEY, IR, SRR e S T AR IR R T AR AT T U AT . X AR
(8T 20 26 A F TAE, ST Z 2™ E PR, R Miner B3T3 405 75 W, 38 5 G 1 i 46 3
T AE K, 10T 3 R # 00 AT SRR S S A N A, TR RS IR A A & S LT M R 6 R P Y BB

KR HEE: 2021-11-29 &[5 B #3: 2022-04-25 WM& E &R E: 2022-12-01 14:11
ELTA: T (5704 6% e N I i I0 @057 & 30 95 Bh 5 5
EE v R EAE, B, 1993 44, A+, T REU
Ja, B, 1982 4R A, A, g T RE I
JA/CAE, B, 1981 4R 4, g T AL
HESMEE B E



https://kns.cnki.net/kcms/detail//42.1755.TJ.20221130.1558.001.html
http:www.ship-research.com
http://dx.doi.org/10.19693/j.issn.1673-3185.02666

%61

B0 S A5 T A A o i 4 AN S DL T 25 75 i T 127

i, AR R R AR IR A B A T LU T HER . EIE
ST TR e R AT N ) A TR O3 A R
i, 3 Ik 9 ST PR 5 B AR R TR, F 3 e g 163 e
FrMRREEAT T AR A PP . HATEIT SR 2 Rl i
D7 ELAF T Bof st 37 48 T 45 SC B AR A A BRI T i
DRERY, L6 3 TR A8 B0 o8 B AR, Sz X
H T I f S PR as AT RO 9 75 e N T AT AT

IR, 7527 AR FFI Tl 5 5T 8008 3K 3l 19 77
V5 S B A3 WO A TR Wu ST B T
— R T A A 2 I 8% 1) R i T A AR
VFIRFH AR S th 7 — ol 5 T B 1 AT A 8 ) 1
7 77 aw WU J7 95 5 Lim 557 48 T — F i T 1 3
I [¥1) 8 P 9% 2 ) 3 i LI A AR A Bk 4
P T — b TS H B AL (SVM) HY o T W i
v A5 A BN AL 5 BT 4R T — PR T ER
2R 285 B A AR TS Y . K SRR 2
FP R 1B AT BRI 2k, (B TR S P
I, MEAA SN ) R G B K Wa AT e IE W T AR
MR, M LSO B R B Bl R EE ™, ATk N k=
52 B 1) S8 M AL T 4% 42 A= i SR 0T e R AL K
4, SO I A 73 i WU W 58 ME LT

H TR ALY 1 75 i TN 75 12 0 22 4l IR 2
WA 0 1 SRR AT RN 2k, T T B s sk =
T U0 T AB o8 5 a0 o 22 i e A 2 I T
Z 1 —Fh PR BEIR AL R, AN fE S iR Al i A
w2 R REBLAS B E D 3R RS2, T L ik BT B
ATFAERE ST, X T T oL U B | P S A
SR 7 ) ST AL e 25 A7 i T B AT AR 9 265
Mo A SCHMR H — b B T ZE 40 A B A AR S ah AL
3 s 4% 7 iy 00 D7 V5, A A x4 T 48 U 3l e
B4R R E AT BEAL 2 i R, SRR A D s L
P B Z 1 BT R A O B # o, R
K-Means 5 S B XoF 5€ il HL T 00 B0l ik A7 3R 28,
P IBCHAT AR B ALE AT T 00 AR5, i aE
% FAEEE IR AL B Rp iE 2 KL, G 3 DL 38y 528 A5
RS IARE Y, RO T A £ ML T T 00 R AR ik 25
AR R B 5 i I, ik T 0 TR A A R S Y 4 R
SRS, T8 i AR A e A T K
15 L £ 381) 35 IF ), 32 00 RID Ay 3 s % #9913 T
o I 77 4

1 BT R A7 t PR 7R

1.1 B

PP T 2R N TR AS M B A, TRl TR AR 5
gy, e U i A B A VR 5 | A A 4IR B A
BN, ZIR B AE— R T N2 R B B

1, 7R3 e A% R R A v, IR Sl ok LR B
BRI, 1B A SRR TR A B T U 5 S By
HOHE e 2 B BEAL IR R HE I, 25 A7 dm TR Ok TR
RINAE 2y i Fie e —Fh T2 AR A R A
A% 7 i BN 7 vk, AR e T oI AT AL
JO7, AP TR UL A 1 B AR Ak o A BE AL A0 2
AVESFE N R AR, 1E T R AR A IR s 4 b
(1492 B sh A REAIL R 7S, 7 3 1 45 1) 73 i B0 5
TR A

B TR A% B0iR S s2 S ML T o0 AR R . S
PLTAREAR PR T oL, Hg s ar i IR sl o
e Az R B 4 0 Bl 3 b S AL B e ZN I BN AT S
AR AR, 2 T B A B A 2R B iR
P50 MRS — R, S SO ) — i T A g i
T 1) 73 i TIN5 5L, B e 2R ] K-Means A5 8 X
BeAIs AT TOLHEAT IR, ARIA IR I A i+
FEAZE S 4 BUREAS 4 78 A HL AT AR i Y
TBCEHE, FH LATH BR T 00 I8 ol i 5 0

E TR A 1 PR R AR AL AR v, 2 R B
A B85 BRI ) S5 R B R, AEAE R B
B S B B B 2 S M o A BRBE AT S, S R AR
4 P RE 1B A 3 A A B R X 1], okt B T 7
R Bh S o 38 S AR 2 e HAS W, BRI S
A 0 i Bl A H O 3 O i R 4 B R,
B B AT L A R A 22 S 2 o A i T
SER B MERRIE = A RO o I, AR SOR DL
AL 1o, G ASE T4 SR AG 00 32 P WA S A AR AR Y
IR X 978 A i A 4R Sl R EA T B A L 4R
AR ) LA JE

1.2 K-Means %75 .00 IR

T VE RS, R A A A S = A A N A G R AR
FEA K43 0 25 T2 50, DA A5 [A] 2 ) B A 22 [ (1
AHABLRE s, A TR) 2 G =2 R] R R AR A fBLEE AR .
K-Means 25 & fe # H B9 Jo M R HL, Ht
AR SRS, 8 2 AR T A R — R4y R,
DA 75 SR 2ty S XoF 7 ) 9 2 R B /N

B 15 45 1 18 47 T 2R BUE A {x), x5, , X, ),
K-Means 53105 T 550808 T2 kA, ELRSE 1%
R .

IR 1 BEHLEEH A T, P, e,
D L N Tl DT T TR SRRy TS

AR 20 78 UK R

n

J (e =min ) x—p,’ (1)

i=1

R 3 AN EHm=0,1,2,--, EE LT



128 BREVLIE . B RERERU B BET- 7 £ B176
EER PR H(rpa+1), =0
1) e 4 > 2l AR, 4 L B plrrlrr) =\ 1=Hrr + D, rp=rra+1(7)
0, Fops

BT ) T O L
¢ = argmin, x; — " )

2) X T TTA G, BT PG AR
IUEVA=R

py™" = argmin, " x— 42 (3)
T, AR 8 ] — T T30 5
F 25 T, SO S i ALSZ AT 30 3 KO ke U, T
K-Means 324 H 4 53 Rk T 0026 51, 98 )5 A7
7 2 0 B KR 5 T A B AR IRy S L
f RS2 AT 00, i TR T 3 T 4R
BT 75 i TUI RREAE, DA T30 e T 25000 e 5%
R S0 HCHR 1 5060, 72 KR T4 TR 4

1.3 DU A8 R 5 70

D et 37 2 728 A 0 0 14 552 o 2 1 S AR
A P(re,x0r), BOAE R BE Ry THY 3% 22 00 I %% 48 4R
xir W, FETE RS LR o LG 1R AR IR 3 I
SR Y A R, SRR S D s o B4 A
— BRI, O AT AL 1 R s S
Dy SR B o0 A — SR A 2 i, A B T R
Ho GEAL K T s R B 300 SR O 22 K, 156 ]
GEAR WA AE R AT RE TR B R AR A 45 5 Y 1 2
SR, R 0 G A SRR

P(XT+1|X1:T)=ZP(an\VT,X(T"))P(VT|X1:T) (4)

rr

H D130 B, AT S HE

p(rr,Xi.r)

5
p(xir) %)

p(rrlxir) =
A i,

p(rr,xir) = Zp(rT,rT—17x1:T)p(rTs-xl:T) =

rr-1

Zp(rTs-xT|rT—ls-xl:T—l)p(rT—l’xl:T—l) =

Zp(rTer—l)p(xT|rT—lsx(Tr))p(rT—ls-xl:T—l) (6)
TE Y = 10, FoR BT RAE A R AR
AR A ML KA T8 s My = OB, s oK B
FEAL K, g R IR AL LA R Z B — 2. RS
— F7 5 Z 1 MR AE AR C R, AR A r O HE R
HOP T 2 Fpa] GEE, RIS fb s e AR s Ak R R K
o CHEHR R BEIN 1IN, O TG B R 2 BT i
PEPEAT PR I T RS, 75 258 XU R

2 3B A B AE — B 4 1% B[] 9 IR M — 43
R, H(r) %06 0 E R R kg, MR fhid #
B FEEE I R AT A LT A3 A B, T RIH () = 1/A(AK
JUAAT 43 A 09 ROBE S 880 , 38 2k 8 75 AR, B AT 4%
A TR XoF 2 AL ARG I 11 R AR

DT i 97 2 725 A5 ARG 00 A5 7R g EL AR S A5 R U
Fim

1) % 5 3 1R 4 R Ak i B2 40 A 1Y) S 56 %% oA
B S HVO ), 4 B R R R S BUE
A, FFBEP(ry=0) = 1,

2) AR BT B B xp, TR AT S Y W R AR
IR Abash B8 20 A1 14 516 05 2 13 oR S0 M 2.

7y = P xy) ®)
3) AR AL MR R i ] 3 K SR E A

o I B R A ME R

p(rr =rr_ +1,x10) = p(rT—ls-xlzT—l)ﬂ(Tr)(l —-H(rr.y))
)
4) AR R B AR S SR IE A K
T 0 B A5 AR

p(rr =0,x.7) = Zp(rT—l,xlzT—l)ﬂ(Tr)H(rT—l) (10)

rr-1

5) TR DB B 4 3 M R 0 A
p(xlzT):Zp(rTvxI:T) (11)
6) 115X (5), #fi IR A sSIME p (rrlx1.1)

7) SR e g 1B Al A o A e 06 eR KL
oA S8

Vi = v+l (12)
X =Xy +uxr) (13)

Horb, o) TR A B FRAEAB

8) EHHATLIR2)

BT 1 TR 45 PR 3 0 S i AR 4R W I Bl , A
PATL TR 2) ~ L BR 8), it AT B A B AR A
B RE R p (rylxr) KT B E 1Y 548w Ao 10 AR 42 [ (B
BF, 1A 3G R A% R A R 2R T ARk
1.4 4ighikfbid R R

W 9878 1 B[] e 3 R 48 1 8 AT R AR =
BUX (1), > Oph A g i A, W)

1) X (0203 S7 38 i 72

2) MTFARE M Zls, 24t > 0f, X(s+0)—-X(s) ~

\



%61

N(0,c%), Bl X (s+1) =X ()2 AR 0. J7 &K At
IEAS R
3) X(ORFHEEL R
LM ISR I A 0 3 T DA AR
X (1) = X (0) +vi+0B(f) (14)

Ao X )R e 2015 25 i Pk e IR Ak i s X(0) h IR
I 20 B B P RE IR AL B v R RS REG o T HE
FEG B R HEAT IE 3 .

TE T RS Brr, 1 He f iy R A A3 11 2 3
HUR AL TR, O R8T A M R AR B a8 M e iR 1k
AR, T 2R A AR LR RS ) 4E AR b i R

X =XO+a [ u@pdroB®)  (15)
X, @ fyunp)dehy 3 45 18 1k B 19 BT 5k
Moo AR — P, RIZX0)=0, Ha~N(u,,o0?)
(Hrbp ABE, o2 7 22, IR E o5 B()Z [
geitahsr

£ T (16) Fr i i 0y 34 85 1 g 1R Ak i 72
Tz AT vl LA R R .

T =inf{r: X (1) > Xi|X (0) < X;} (16)
o, XA 1 ) 38 R 25 AR R0 1
ZEUE P, T A A T 0 S5 1A 23 25 B pR BN,

X; —aLtu(T;,B)dT+au(t;ﬂ)t

fT\d (tla) = ot \/z—m
. 2
[Xf -a fo u(t;8) dT]
exps — r=n (17)

F(17) A A BE L 2 B o1t 75 i B 238 285 2 bR
B, o] R 0L A T 4 S R is AT 3 AR v i AR Bl
B AR AT A T AT BT o BB T % AE 0 21 i
JIT AT B 3 Sk 7 S B R X = (X1, X0, x5, , X, HH
DUt $Hir s BT, L g0 20, SR AR AR A BEAIL 25
a5 56 o3 A o
p(@lxi4) o p(xi4la)mo (@) (18)
A B3 S B, T As
1 .
1_[ 2no? (1, — 1,1)
[xq = Xgm1 —aj:ql u(t;B)dr

202 (tq - q_|)

p(xl:k|a) =

2

exp1 —

(19)

T p(xila) Fl e ()3 M IE A543 A, Rk, H

BG40 A0 plalx )2 IE 4046, JE ] LAAS 3] 5
Ve A7 2245 5 N

X B A6« B T 4 A 3 AR 4 IR S LS e 5 i T 129
C+D
ﬂa,k - A+B (20)
1
2 _
O-a,k - A+B (21)

A= Y[ st 100

B=1/0,

C = ﬂa,o/o-i,o

D= i {[(xq = Xg1) f:. u(t;Bdr/o? (t,— tq—l)]}

e 20(20) ~30(22) PTG B A 45 RAUA
A (18), BIVAT 75 238 H 25 76 o of 2090 4% m] i 1 75
i FRE A A

2 T i o ok R A7 i 0 R TR
B IE

A S IBCHE R A ) S B T 2 ol 7 ) S i
P REIR LR AT 7 i BN RS R 36 IE o 2 AT —
B SEALEY B 513 45 DN R 5 2, 7 3 e kR
HIART, T EOR PR T B A 847 1 e o
BT RN S SR R SIS R, 25, 7R 1R
718 B T A5 b SR BN R IR S AL AR R K
BTG T LA T B o AR SR A K g

1 MU T () FIHY s R Bl A AL E ()
Fig. 1 Engine room of a ship (left) and turbocharger vibration ac-

celeration sensor position (right)

3 P A VR Sl M LA T B | R R R
POTE EOAESR | RTEEME S SR, JFE 8T
R ™ B R A Y 25 ZE DU R, i g i A
R R R A R B L A ROBE A
ol R 18] B o R4, 82 LA BE Ao XA B 30 3 T
FERARBNAF 5 ™ i FE 1 % B e 1 e R
IR BRI BT e 2L 5%, i s 5 151
A PR 4IR 3 S v AR 21, DR AIR Bl 82 RS AR /N T ik 3



130 BREPLAG . B RERES LR BEF- 65 L A

AR, WK I 38 A% e A T 1

IR P S AL A 38 A A A AT A R v A
IR B S U, DU, B R S HOE R
RS E R, SRR S, R %
i R BT 22 78 2 TE B R AL T 3R, S0pl il R R 47
SR A BT TR B R R A sl ke I T
o0 Bl D B R 2%, & B0 M e ek A,
RO 348 S 5 S AL G DT A D0, fof s R A P AR
JIN, S BB TR BIL AR AT e Wi PR AR R T, R TR
B faf I 32 7 26 E A Wi 41 DT 5 | RS Wi 4R ™ 3 FE 2%
() T AR e s 5, 24 H TAERE, £E 4R &5k
Jok st 28 Ao, 25 P st o b ok K, 2 il OR kAR T
T B R AR, 4 A )% R S i AL G 2
PR F5TF W, vl J0 388 e 25 4R 20 e B 1 0 R A R
110 nvs’, BB {E S 110 my/s’s

%R B Se i ALTE 2020 4F 4 H 8 BB 473
RN 2 iR o NPT LUE W, 32 M A0 . 4
Mg RIS R m, fEtT i fE o,
SAMBLIIE A TN ERBEN K, TRIFE 1000~5 000 kW
Z[6], H 22 VR B s (] D 1 By 23R R 1) 4

x10°

0o 1 2 3 4 5 6 7
Bt Ta/s
B2 SRS LIZ T o %
Fig. 2 Operation power of a marine diesel
B 2 0 AR RS AZ 45 9k L T 000 19 52 i A
Ko XFHOE 2 A 3 o] DLk B, B F7E A [R] 4E
BLTI 3T 1 TR e 1) 2 AN (), SO 3l i B (B
I S AN ], 25 7 Ty 28 58 in 28 ) Bk A= Tl 20 A%
b, 7658 MLAE T 0038 17 B 3R 30 o B g 2,
ME DL B AT 5 A 0
SR BT g S S L T L B 4 A, X R 2 BT
NSNS T DR B AR 2 T A BT, an Al 4
Fim o MHRTLUE Y, 520 ALY 32 17 Ty e 7 it
BB RES.
TSI BL I A E P30l 7200 kW, B3 T
B 6 A4, Sl AL 1 43 1 S 10%, 25%, 50%, 65%,
75%, 100%,. K 1 K-Means £ 8 %} & 2 A7 75 SE 710
MLIZ AT D) 385 R 17 R 28, IF RS T o0 B s vE 8
RBHRCR T 6 L, HESRINE 1 s, 6 1k
oL I E3 Bk 854, 1751, 3 141, 3 857, 4 543,
5227 kW, HAr L 5227 kW b Hr s 19 7 RE A B0

TR /kW
[ N N

x10°

B176
% 80
£ 60
=
=
H 40
=
" 20
ES
0k L L n L L L L Ix10°
0 1 2 3 4 5 6 7
&t TH i) /s
3 EEMRAIRED A
Fig. 3 Vibration acceleration of a turbocharger
x10°

60

50

40 +

§ 30 +
20 +
10 |

1000 2000 3000 4000 5000
YIZ kW

K4 RZEmblLsir R AE T E

Fig. 4 Engine power distribution histogram of a marine diesel
%o AR AT LR H, Sl PLAE BETR A

LA 100% B B 47 T A, HoAx a8 T o0 7E R 45 R o
PYA R 00 S e, AW T SR ISAT R MERR 1

F 1 K-Means BRLER
Table1 Summary of K-Means clusters

1) AT I H kW 55/ % FEAEL
1 854 12 113735
2 1751 24 14999
3 3141 44 48 045
4 3857 55 147 854
5 4543 63 113 382
6 5227 73 269 185

P 2B C T 20 S0 il 1 () 05 25 o 7™ A 11 1
245 Wi B 7 v AR T S OB 2, S T R A
fIE 38 F 25 1 M BB AR FL AR AIE, BEHX 5 000~ 5 400 kW
A Sk 1 s 25 77 i T0000 1) B R T SR B 2 D) R B N
5 A 224 097 4> 4R R S0 RLROR,
W 4R R (Y SRR SRFE, BDJECA Y 1 /s B BI0HE A5
BOA 1A /min, BERFE S A BE 3734 A4, WAl S
JIi7R o 4 K-Means 255, 5000~ 5 400 kW Ijj R
BN 38 A A PR 3 o S (3R IR B A % B )
AR Bl R AR

WA 43 A B RUEE 2 %A =1 000, B D1 - 3y
G pei RS DN ASE R (7 B RS R pRBCH (1) = 1/1 000, 7E
P 5 FT R SR T 00 FR 08 TR 25 IR 3o e B (e
B bR DU 30 28 AR A T A, A ) 28 A
SR IUAE RN E 6 BT o #E5 417 min 32 17 B [H]



%61

B0 S A5 T A A o i 4 AN S DL T 25 75 i T 131

80t
g 70t
60

Bsot
=40t
EETN
0 500 1000 1500 2000 2500 3000 3500
BT} ] /min
5 5000~5 400 kW T e B A JE 3 1 #5405 3 ik 2 AR

Fig. 5 Vibration acceleration of a turbocharger in 5 000—5 400 kW
power range

JAb, FEAE 578 5 B HE R 290 13%; 7255 1 502 min
B AT I E) RAL , FEAE 578 R R 2 12%; 1E
55 3 440 min iz 17 I [A] SUAL, FAAE S S HE R 24
H 39%; FE 55 3 510 min iz 17 B[] f5 Ak, 77 7F 78
SRR 100%, XF EL & 5 A 6, A& 81 01 it
i 2 728 o5 RIS AN AN B ME AR ) 55 3 510 min
B AT I R) AL R A B G S AR A, A XA 417,
1502, 3 440 min iz 17 I [H] g A HE B A Al 55 2R 28 A
JIT e, Ul AR Y B R G 0 9 8 A D AR o

1.0

) P —] —
0 500 1000 1500200025003 0003500
B 7Hf[E)/min
Bl 6 T s AR BN 2 B2 I e et S A A Il A 2
Fig. 6 Change-point detection probability of a turbocharger vibra-

tion acceleration time series data

T AR R AR I ARE 5 1 AR R B (R 90%, FE
T U1 i 3 5 A s A IR AR 485 SR BE 4R 3 510 min 18
A HeF IF0) S50 Ay A2 8 LB A, R B A 72 AT i 1
JE a5 1 4R s B s S BB ) B PE T . R R
3 510 min iz 17 5 8] 5 J5 (04 B0 7 by 15 & 1 B IR
feid 72, BEEUR fBE e 7 s, miE A, e
Bl [ 45 220 min P, 3 HE 2% 04 3% 36 in 2 (A
40 m/s” H4 R T 80 m/s” LA I, B U Ml FRAE T4 R
TR PEREIR fLka g

E jg . I\ . 'ﬂu\%rlﬂ
o n“\ﬁuﬁfbhw ik
E 40} Nw’/“ | w | | |

B 15U A2 7 ] /min
B 7 o s s o Ve IR A R 2
Fig. 7 Performance degradation process data after defect point of a
turbocharger

K 1 7 v A P REAR AL K0 die T 4R 0B Ak ad 7
JERAE, FE TS I R R A A i O O 3, T AR
) 38 s e A [5] I 220 64 30 2% 75 i 70 A1 AR R 5 JEE R
B, W 8 s o AT, BEE TEREIR fhid 2 Y
B A R, TR A Ol A i T A A 0 S e ok
JIN, WERR LI AR o 7RI Al e B
TR Y R A% 7 i M R A R IO 25 B 08 HLA
G, i U A A 7R XoF ) A fe P 72 i 90000 45 2R 1)
B PEAS T 5 BE A IR A B B BRI AR
7 i AL A I e R JE 25 2 AR A e L,
YT I A5 RS ) A ol P 7 A TN 45 2R © A 4K
U AR SE 1 o 0B IR I 2 3R A 7 i AR 3 o T2 R KK
TR RAELA DA 221 1) 7 i T 00 o (D, BB AL
T PR A A7 i B FON(EL AN 15 8 rhoF- T b B 44k i
7, A UL Bt 2 TR o P s T Sy 2 9 486 o, ST
F1% 5 2% 75 iy 12 i 2, U T AE R T LA ) I
w4 A3 A BRI

P 8 RE AR A% A5 i M S B R A
Fig. 8 Residual life probability density function of a turbocharger

3 &5 ik

2SO At 3ot A T 98 P 855 o 1 T
W, ST AT AETO 2% 4 G R A RO
LR AT A 7 A TN o R TR A B P R
B 58 B BB IS5 SR, R T e b i R 1 75
A 7 v RE S M B 2 1 S A AT T R IR
14 FE 28 MU ) T 0GB AT O, R R A AR A
S R T B A UM 48 % 35 2 R (1
AT F Ay, ASCHR I IR R R T R
PEREIE ki R rh T OS5 AR5 B TS0
AR A P TR 2 (OB R A AT 5 T L B30 U %
[ 75 far AR L — 7 O 5 % .

2 3k

[1]  RZ, W, SEDY, 55, 3R IR R 57 /i 5 4
AT [J]. HUAR TARIE, 2018(3): 94-95, 99.
WU C, HU L P, FAN X F, et al. Fatigue analysis and


http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033
http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033

132

17

(2]

[3]

(4]

(3]

(el

(7

(8]

]

[10]

(1]

life prediction of the turbocharger box[J]. Mechanical
Engineer, 2018(3): 94-95, 99 (in Chinese).

X I, B R, o] e ae. 5L A0 109 e 1 P 45 b Ut i e
55 75 AT (9], NAABLS ECPE, 2021(7): 46-49.
LIUY L, ZHONG J H, HE X Y. Fatigue life predic-
tion of axial flow turbine of the turbocharger[J]. Intern-
al Combustion Engine & Parts, 2021(7): 46-49 (in
Chinese).

FIE, D[R 1Y A% 50 9 55 85 718 75 O Jr
(7). T EHLE TR, 2019, 30(21): 2521-2526.

WANG Z, MA T L. Fatigue and creep life prediction
method of turbine blades for turbocharger[J]. China
Mechanical Engineering, 2019, 30(21): 2521-2526 (in
Chinese).

BE, R, W1, 4F KRB S T AT RES:
14 B A B T A% 3 i TU (D). 74 R 3808 KA AR,
2021, 56(4): 730-735, 768.

GUOL, LI C G, GAO H L, et al. Residual life predic-
tion of mechanical equipment based on feature learning
in big data background[J]. Journal of Southwest Jiaotong
University, 2021, 56(4): 730-735, 768 (in Chinese).

WU S J, GEBRAEEL N, LAWLEY M A, et al. A
neural network integrated decision support system for
condition-based optimal predictive maintenance policy[J].
IEEE Transactions on Systems, Man, and Cybernetics-
Part A: Systems and Humans, 2007, 37(2): 226-236.
VEBRBH, 0 ef B, 2 5 T 16 T /R B SR A (1 3 72
HUREIZWT TR D). BRIEE4R, 2018, 40(8): 98-106.

XU Q Y, LIU Z T, ZHAO H B. Method of turnout
fault diagnosis based on hidden Markov model[J].
Journal of the China Railway Society, 2018, 40(8):
98-106 (in Chinese).

LIM P, GOH C K, TAN K C. A time window neural
network based framework for remaining useful life es-
timation[C]//Proceedings of 2016 International Joint
Conference on Neural Networks (IJCNN). Vancouver,
BC, Canada: IEEE, 2016: 1746-1753.

MRk E, BLILZE, #E R, %. 3T VMD-Hilbert i1 frif
REERTA SVM R i TR T % e WU B2 8T 0], e Bl
Pt 2AR, 2020, 24(3): 11-19.

YANG Q Y, RUAN J J, HUANG D C, et al. Mechan-
ical fault diagnosis for high voltage circuit breakers
based on VMD-Hilbert marginal spectrum energy en-
tropy and SVM[J]. Electric Machines and Control, 2020,
24(3): 11-19 (in Chinese).

E S, LT IRPAN 2 2% B HUAR B A5 g PR A T 7
i [D]. bt Juatila Rz, 2019.

WANG K Y. Research on mechanical equipment health
index and remaining useful life prediction based on re-
current neural network[D]. Beijing: Beijing University of
Posts and Telecommunications, 2019 (in Chinese).
FHEER, O, IR, JE T AL R T AR LR B AR
AWk (7], EAAEIFST, 2021, 16(1): 158-167.
WANG R H, CHEN H, GUAN C. Condition monitor-
ing method for marine engine room equipment based on
machine learning[J]. Chinese Journal of Ship Research,
2021, 16(1): 158-167 (in Chinese).

KEte, g, EH ), 5. T AL Wiener 13 F2 (1
KL B R A 5 A T (0], B EOR TR, 2021,
21(5): 1802—-1805.

ZHUX H, LI Y H, WANG Q L, et al. Residual life-
time prediction for gun barrel based on Wiener process
with random effect[J]. Science Technology and Engin-
eering, 2021, 21(5): 1802—1805 (in Chinese).

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

MRS 25, 220, W21 B T BEDL4EG I B Y 25 4 431
1 75 iy BN 5 0] FEPEIEAL O 125 (0], R B A R
e ASRBIEAR, 2021, 35(1): 14-21.

CHEN Z J, LI H B, HU Y P. Structural damage life
prediction and reliability evaluation method based on
stochastic Wiener process[J]. Journal of Nanchang
Hangkong University:Natural Sciences, 2021, 35(1):
14-21 (in Chinese).

XN, S8, FEAEAE, 45 JLF Zonde gt B Y /MR AR
W AE 2 ol 52 A TN (0], P LA TR, 2020, 31(11):
1315-1322.

LIU X P, GUO B, CUI D J, et al. Q-precentile life pre-
diction based on bivariate Wiener process for gear
pumps with small sample sizes[J]. China Mechanical
Engineering, 2020, 31(11): 1315-1322 (in Chinese).
ZEYI1RE, XK, T, 48 LT 4y R e 1
TR 4 5 A U (7], JCHE T TR 224, 2017, 57(2):
126-132.

LIY X, LIU S J, GAO S B, et al. Prediction of lithi-
um-ion battery's remaining useful life based on Wiener
process[J]. Journal of Dalian University of Technology,
2017, 57(2): 126-132 (in Chinese).

WANG W B. A two-stage prognosis model in condi-
tion based maintenance[J]. European Journal of Opera-
tional Research, 2007, 182(3): 1177-1187.

AL, SESCUN, 2RI, 55, — R TR M B AR AT
LB 5y T7E: (], BT, 2020, 38(21): 91-95.

TAN X, GUAN W Y, LI H, et al. Classification meth-
od of ship navigation condition based on clustering ana-
lysis[J]. Science & Technology Review, 2020, 38(21):
91-95 (in Chinese).

GEBRAEEL N Z, LAWLEY M A, LI R, et al. Resid-
ual-life distributions from component degradation sig-
nals: a Bayesian approach[J]. IIE Transactions, 2005,
37(6): 543-557.

ZIO E, PELONI G. Particle filtering prognostic estima-
tion of the remaining useful life of nonlinear compon-
ents[J]. Reliability Engineering & System Safety, 2011,
96(3): 403—409.

MR, B £ e, RS, . SO M) EHLE AT AN S ThATL
AR FC I R Ar s 2 W R (0], iR R
2747, 2012, 33(2): 18-21.

LIN X T, ZHAN Y L, ZHOU X Y, et al. Application
of support vector machine in fault diagnosis for exhaust
gas turbocharger of ship diesel engine[J]. Journal of
Shanghai Maritime University, 2012, 33(2): 18-21 (in
Chinese).

FAIRAR, TR, Mo S, 46, T IRBIE 5 4P
o B 12 W R R 5 D R Y (D). BRIE LGS 4,
2008, 28(3): 1-7.

HU X Y, HE Q F, LIN R W, et al. Turbocharger fault
diagnosis and estimation of rotating speed of turbochar-
ger based on vibration signal processing[J]. Railway Lo-
comotive & Car, 2008, 28(3): 1-7 (in Chinese).

INELAR, SRUESE, BRI . W He I R A 5% T 4R 3 o A
KW [9]. JRsh 5 npi, 2005, 24(2): 106-110.

SUN H C, ZHANG H T, SHAN Y C. Vibration analysis
and fault diagnosis of a supercharger[J]. Journal of Vi-
bration and Shock, 2005, 24(2): 106110 (in Chinese).
RIETE, £ 5, WGORUL. SEMBLIG o i i i 12 W
HEBR [3]. TP EIEAR, 2015, 28(5): 6-7, 12.

ZHU Y L, WANG L, ZENG Q H. Fault diagnosis and
removal of turbo surge in a diesel engine[J]. China
Shiprepair, 2015, 28(5): 6-7, 12 (in Chinese).


http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033
http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.1109/TSMCA.2006.886368
http://dx.doi.org/10.1109/TSMCA.2006.886368
http://dx.doi.org/10.3969/j.issn.1001-8360.2018.08.013
http://dx.doi.org/10.3969/j.issn.1001-8360.2018.08.013
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02150
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02150
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.7511/dllgxb201702003
http://dx.doi.org/10.7511/dllgxb201702003
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.3981/j.issn.1000-7857.2020.21.011
http://dx.doi.org/10.3981/j.issn.1000-7857.2020.21.011
http://dx.doi.org/10.1080/07408170590929018
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033
http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.1109/TSMCA.2006.886368
http://dx.doi.org/10.1109/TSMCA.2006.886368
http://dx.doi.org/10.3969/j.issn.1001-8360.2018.08.013
http://dx.doi.org/10.3969/j.issn.1001-8360.2018.08.013
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02150
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02150
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.7511/dllgxb201702003
http://dx.doi.org/10.7511/dllgxb201702003
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.3981/j.issn.1000-7857.2020.21.011
http://dx.doi.org/10.3981/j.issn.1000-7857.2020.21.011
http://dx.doi.org/10.1080/07408170590929018
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033
http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.1109/TSMCA.2006.886368
http://dx.doi.org/10.1109/TSMCA.2006.886368
http://dx.doi.org/10.3969/j.issn.1001-8360.2018.08.013
http://dx.doi.org/10.3969/j.issn.1001-8360.2018.08.013
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02150
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02150
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.7511/dllgxb201702003
http://dx.doi.org/10.7511/dllgxb201702003
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.3981/j.issn.1000-7857.2020.21.011
http://dx.doi.org/10.3981/j.issn.1000-7857.2020.21.011
http://dx.doi.org/10.1080/07408170590929018
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033
http://dx.doi.org/10.3969/j.issn.1002-2333.2018.03.033
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1674-957X.2021.07.021
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.3969/j.issn.1004-132X.2019.21.001
http://dx.doi.org/10.1109/TSMCA.2006.886368
http://dx.doi.org/10.1109/TSMCA.2006.886368
http://dx.doi.org/10.3969/j.issn.1001-8360.2018.08.013
http://dx.doi.org/10.3969/j.issn.1001-8360.2018.08.013
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02150
http://www.ship-research.com/cn/article/doi/10.19693/j.issn.1673-3185.02150
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1671-1815.2021.05.020
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.3969/j.issn.1004-132X.2020.11.007
http://dx.doi.org/10.7511/dllgxb201702003
http://dx.doi.org/10.7511/dllgxb201702003
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.1016/j.ejor.2006.08.047
http://dx.doi.org/10.3981/j.issn.1000-7857.2020.21.011
http://dx.doi.org/10.3981/j.issn.1000-7857.2020.21.011
http://dx.doi.org/10.1080/07408170590929018
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1672-9498.2012.02.005
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1008-7842.2008.03.001
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.3969/j.issn.1000-3835.2005.02.028
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002
http://dx.doi.org/10.13352/j.issn.1001-8328.2015.05.002

	0 引　言
	1 基于维纳过程的寿命预测模型
	1.1 概　述
	1.2 K-Means设备工况聚类模型
	1.3 贝叶斯突变点检测模型
	1.4 维纳退化过程建模

	2 基于维纳过程的寿命预测模型验证
	3 结　语
	参考文献

