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Abstract: A new reliability assessment method is proposed to improve the precision and
credibility of reliability evaluation for aero-engine rotor bearings under the circumstances of less
failure or zero failure data, and the method bases on a hybrid model of proportional covariate
model (PCM) and Logistic regression model (LRM). The salient features reflecting equipment
degradation process are extracted and selected from existing monitoring data by signal processing
technology. These features are used as input of the LRM, and the equipment state data defined
by the failure threshold are taken as output of the LRM. The initial reliability is estimated by
LRM, and then the system hazard rate function is updated based on the response variables and
the basic association variable function through combining with PCM. The mapping relationship
between the monitoring data and the bearing reliability is dynamically revealed. Finally, the
operational reliability of the aircraft engine bearings is successfully estimated using the updated

hazard rate function. Case studies show that the method passes the process of the proportional
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factor decision between covariate and hazard rate, and avoids the influence coming from the

subjective deviation. Its determined life error lies within 5%. It provides a new method for

reliability estimation under sparse or zero failure data conditions.

Keywords: aero-engine rotor bearing; operational reliability evaluation; proportional covariate

model; logistic regression model

fit s & shHLAE Ry RAIL R O JOE o JHL il B /K O B 432
P RAIL Y A5 R AT B A AR S R S HLRY O
SRR, R bR R R T R B A AR 2 X % B
BLTS 2 CAL = A G HEPE 1 J5 JY . AE 1986 4R =
1992 4711 6 47 i) B, CFM56-3 % shi#lL i i AL
VR R 7R e i R S BILZS s A A 25 %0 7 A%
P B R . RB211-22B & ZhHLEE £ AL 46
1 JTT B 2 A7 22 B ] P 5 G XL 6 7 1 v A T Bk il
Peie RAET SR BRI RS . RENAE K
BLIE & A 2o 32 b i e DA R0 PR 4% 45 & sh Lk
B, 25 ZE ) A A FH Ge it 2 B L el 32 il R 2k 30 B
(AT B A7 LA R G BB i 1926 22 A L i
25 R BAL AR TAE 5% 1 A FL 45 A el £ i L
A REAS AT, T R R Ao G B A LD I L R4
RN TEMEME S & A TN Y /TR 2R 0 5 A
Tolk &k JEr) HZM R IR Z — .

1% G2 1) AT 55 B VTAl 5 25 ) FH B0 4 1 B8 X 7
st RAE AR R 85 5 i Bl HEAT e T A BT L AE R R B ]
S FE S I A 7 RO 75 30 1Y) 2 1 4 1 kT
SEPEDT . B A Z L L 2R G R R R A A s )
B E A AT E ST R IVR B RSB T RE S
STE T SRR PEAL b R . K 2B TR 2R Zio
T CRASAE B g A KA R 2 5 2 28 R G v i
PR A HPE N ER P L P S 3 KA IE
TR IR T LS A AR O LR A AT AR S A
L5 54 i R 2 BCR B S Al ) LA 18 A i2 AT T
PERE AR N T2 17 T SRR & e BT
CIECYERE 3R SRR 48R NN PN B SR
PEAG R H A B SR AR R (PH VD i B8R 25 P
78 it X R A S R e o L A 3R v KON A A b R IR
B B T 3 4 v] 5 M DR A4S 5 48 8o 2 Rt
Ding S5 #& T — B 3k 7 15 5 R A IR 20 FR1E 1 L 1]
e B SR AR AR ] 5 1 VT AR Y O s of R Bl R s 4TIk
ASEAE Y J7 SR LU B2 48 bR 55 A AR B SR AR R
Vi) 32 57 6 2R o ox B R fglt BROIR S AT PR AR AR
PHM [R5 2K 6 ¢ RURE AR B0 25 A 145578 v i
LA BB A R B A5 UM T AL S8 M A R R
A R Bl L 26 PHIML R TR f) F50 000 o4 7t ke 7 2 5

http: // zkxb. xjtu. edu. cn

KAFENT . Sun 42 T ) P8 1 A (PCMVD
M 2o A DA ik pR I MO P A T X AR T R R
BRRCIE AT AN IR BT 4B s 1OIR A M D Rds i A iz
72 A VR AT SE P (4 30 245 e 5 5C 2 3 20 ) L TS
HBIORE T (14 o 5t 3 ORI AT e % 20 1 5 1) 0 JEE 4 AR AR
AW S A L R PCM. D b 2% sl HIL 45 48 24
S B AR AT A A AT AE R A

ELL B PIAS B S0 v o 5 45 10400 B W e =R R
TS SR 5 B0 3 AR A B R B0 i B R A . X T
R RO BT R OB B B - Sun 37 1 AT AR 45
AR 0 28 6 A D TS A5 B TR B S AR AR
PR E T R 2 AR L2 A AL PCM
S PP A A I B R AR R BT B2 WD ) I
PR 32 A RIS AR (LRMD R 23R AR B i JE i 22
oA T IR o0 A BB T AE — R BR SRR 25
AL & I F A 2 A E L S AE 5 T g PR T
il AR R AW G

N T 58 PCM TR A e B3RO 5% Ok 280 80 He 1
OUR B TR S I AR SO T — AP 2k T LRM 1
W 17 P A% B 40 i 4 e S R BBOR i 05 0k I TT IR R
BERBEA IR » FU A AN [7] Wi [0 P A X 1
A B 5 PR RIDAT Lt A5 2Ny W 5 R A A B R
8 NN SOV SN DL R A T PSS B O RO
AL =S Je s LA 1 B R B 55 75 i 1 06 0o A v A AR B 1
T BRI R B A R

1 He o o A e A Y

PCM 5 BUAT P A B3 42 - — J2 0 1y 3 A% i v
5 R G0 L L XA 5 PHM #9833 i
PR30, IF B 7E Sun B8 SR AR B T SL 86 56
TEN™ s R 2R G 1 e B PR R 2R R R 11 i 4
PR PR AL . PCM AR 25 SR

G(Z, (1)) = COh() (1
o p(Z, () Sy i o P A% ik bR 0, SR Bk & 3B AT
ARZS 5 Z, (o) Sy Wi B B AR £ 5 C (o) Sk LA P A5 B o 5
FAIE FR G5 1 I B 256 o B4 5 ) 7 I A8 et 22 TR YOG R
h(0) F7R 72 G0 0 0B 8 R R, AR S0 HUBIF 9 e A7 S 1)
BN S A B B Z, (0 AR o (Z, () W




210 4

FRERZR 55 A2 R S LR TR 2 47 7] 58 PEIPAl 7 43

A (DAl faj e
Z.(t) = C(Oh(1) (2)

= (2) AR Y - Z, (o) 1 3 5 0 o Ak 111
00 R () 4y T Z, (o) SRR ST Hb S % 45 19 8
FrEfE 38 HOR A B R BB DA W 0 B4 3R
YR, i B R T R A JE R S AR L B A
FoAAF 5 v 4R A A B )RR AR S 0, AR B {5 5 1
YA 0B B R R AR B C(ORR Z, (D)
RN P ENTE S IR N RO TR E A
2 PR ER T R B Y | S ek B A AT L S A 4y
Br o7 B (RAMD )14 75 3
2 PCM n] S PHAR o 2

BT PCM #4734 A] S PR AL 11 09 HAK o 72 4
WA .

(DR & R R FFam B EE (T, (=
1.2, smpsm; ﬁﬁ%xﬁlﬁnuﬁ)sﬁfﬁﬁﬁ?ﬁﬁﬁ{?&
flitt 5 G0 0% 2ME 22 %% B PRV (o) RIHT) G 30 1 38 R
Boha (D),

(2) FH W) 6 ke 1 3R ek 8k Ay, CoO T I R7 D 73% i R
B Z (O EA DR R EBIER C R

Co=Z.CGOh,(t)s k=1.,2,.m.  (3)
Ao, PR A I BCE FEA K, R RAM #UL4
IEEA MR R R AN E R BA Co) . WREAH

ST R0 e R 5 A BOHE AT DAAR 4l 25 56 ok H Al #h FE A
BE Z,.(05 h(o) [ f 2t g 5 AT 2
ComFEEA,

OB M A Z, () (G=1,2,-,
) BT R IR BRI B ., 2R T A T B A B
/N W]

h, = Z.(t)C(t)

i=1,2,ym.sm.t1,m.+2,,m.+tm, 4
A RAM LA H B9 R G ba R s h (o) .

CO TN EEARAT T B0 9 2 RCECHE R 26 W ) 454
A DL A R B C(O R h()

(5) FH BT A A0 B 2R pR B B (o) 18 5 0 T

PREL R, AXIF

R(t) = exp<—ﬁﬁ<z>dz> 5)
TR AT PEAS R AR W 1 BTN
3 Logisitc [A] 945 7Y

R FERT 2 ¢, A5 PR AR AE W] — A~ k41
Zﬁfﬁli Xi:[lhrli’xZi""’Iki]T %%/jf\‘ 91&%’)’*&%

http: // zkxb. xjtu. edu. cn

T} .2,

_7/T,:{r,. IYav/ SN

FIFIRAM{E -y, (1)

v
irHC,
C=Z. (1) /hy (1)

|%Uﬁﬁ{ck, rk}ﬁiﬁ'c(r)|
|

¥

Zr(ti):{Z,(rk)Zr(rj)}L—| EHh(1)=2,(t) /C(t) |
v

| FFHRAMA A (1) |

I AT AE B B ?

(T}, (Z(1)

’ LA () 5 R (1) |

Bl 1 3EF PCM [y al 5 M PE AL 7 R 1A

v QEF I v, =1, 0] v, =0, W& £ 59 7] 5 B R %%
A F R Rt

T
R(t; | X) =Py, =1]| X)) = exp(B' X))

1+ exp(B"X,)

(6)
X B=[f B ] WA S H &, H g >
0. Logistic [AIH#AIF KK R

. B R | X))
logit(y) = In T—RG | XD

A logit A Logistic M IHE A H 55, HH
LRM & — /> dE e v A A, 5 A0 2 40T DL dd i
Nelder-Mead 2 3R fif LA R AUSR eRECAT 2], BEAY 1Y
XF BUARLAR R h
In[L(B)] = EEyiBTX;

=B'X, (D

— In(1 4+ exp(B"X;)) ]

(8)
TEH 2 AR R SR BT () R 5
exp(logit(y;)) exp(BTX)) 9
1+ exp(logit(y;)) 1+ exp(B"X,)
4 Py PCM Rl SEPEPEAL Ty i
TEFIH PCM A5 7 F 17 0 58 M F 4% B, 75 22 38




44 [ . ]

P

R

1 52 %

T RBEAR I i B A T 2R 8 0400 B I 3R R B
B (O TTALAR B 25 22 R0 — A28 12 1 R Ak it A2
B A RE T A T 2O 4 L 2 K A AR
T BRI % L 22 R i X R M R O R X T
G /R AR B £ AR ME I 2T A5 52 10 T 1 AR IR R A
JRCEAE , PCM. 1) 35 A~ 22 3R M K i BR 1) T HAE LK
SRl TREN . 35T Logistic [B] 548 7Y [ i) i P
7 1) B W R R BIOR A O 1 T LA X R B AT
Ao A ) A T RS R EBCHR 2 W A 45 A A 6
P B8 S B 45 A b B A 1 2 A (B 3 4 Logistic
[ 5 5 75 56 SR A 45 1 R (o) FRSE 3 ha, (0 = £ () /
R, (t) = —d(nR,, (1)) /de #f — LK L& B/ w
hin ()

2 JE 5 F ekt PCM () ml 5 4 oF Ak 770 72 1A
F 0 B8 SRt 2R 0 e g B AR R T A (1 Za b
AR AR LRM M4 A AR &, i Z, 1B 1 2R 8503
B Z. W08 REMRE v, IEHE v, =1, 80 y,=0,
A RS AR B A S AR 1 A s A ) A AL R 7 X
BRI AT SR T A58 USRI HR A AN [7]
PR SR AT B Y R, 5 B RIS B 45 G AT 1005 43
Fril A SR b (O B AR A B PCM RS Y i, 5%
WEETT 2 AR (3) ~ (5)  XF R GE gk A7 AT S Pk
fli. M Z REBmit  f LETR X MY ZEh2
AR AR L A AR T LU o 2 A8 i LRM 58 AR Ay, (0)

/L_

AN
Ziy Wty Z),i51,2,3, 0

/

R(1):{1; R,-II——| Iy (1) |

| Logistic[] 5 £ 24 | | PeM |

Hx

Kl 2 BT uGHE PCM Ry Al 58 P74l i 72

5 N HISE

A ST S M DA B e ok YR T 38 R R R AR R
SER R LR 0 TS & S ML 7 il R % 57 5 ik
HT L W B AN S R dn 1] 3a FEL 3b TR X
WG & 0] LA X 4 AN s & sh B 1 B R SR 17

5.1

http: // zkxb. xjtu. edu. cn

9% 55 77 i i 56 G R TR T AR A R
s 5, W DR g 5 a8 I I S R B 3l U0 el
B IR B Rk 2 000 r/min, I H il
I L 2he A Tl RN AR 1) K A A2 ) K faf R 26. 6
KN ) FH R 20 i ok % J8 4 R 48 A B K K F- A
U LTS 1) B AR B AR A R AR ARy 12
kHz, SR A 5 [6] 8] B 20 min, RAEE 20 480 1.
ARG S datal Wl 3 2 Fl 4 8 RAKHIK, 3 £
R Cl e A 2R 3R Shy D BB L e 4 il R Clly 7K
B) R KA Ry b 5 IR s ik 2 A R . % S g i
R A 4 ANROR R A T R B 22 AR K HEL
A A5 B8 I B B8 1T O ik E AR A Tl R 55 A o A
SCrf T R Sh R B S o ZA-2115, L BR S5 i 2
AR AR 71,447 mm, B T H AR 8. 401 mm, &
TAECH 16, 4%/l f 0=15.17°,

184 7% 244 7& 3t 7K 45 7K

(b ik 5 &5 4548
B3 HARIR I & M A R A B

5.2 iRENESEHEAFERK

b 7R H B AR T B S0 5 94 W (L i R IR B0
IR BRSO S K 3R Bl A S B I SR RE 68 b
VRS R B BR AT R T B I SRR AE 43 S A
AN FE 5 G i 05 A Tl AT o 0 B S s 45 4
{E X 77 RRAEL 7 22 2+ 3 S {1 I il 7 ik e 7R R ) 34
i ARG Y R A (B A A X 2 A




210 4

FRERZR 55 A2 R S LR TR 2 47 7] 58 PEIPAl 7 45

I 1) AR B R AR A #a 3 ) 52 T UL 32
Wi o TG Ak A0 AR B A AN 32 B L A A5 A B AR
W JC IR A8 AR AT U B8 AR IR AR AR B 16 b
AR OARSCIR BRI T AR AR S5 S 11 AN B SR
s F A4 BR AN 20 500 o I P S v, AR5 IR E
x ME T IR o I BB 7T RE e S
FRUEZE o0 RAHEFE AR 2o I BEHR AR 2 E(E 5 AR
T EAERR 2o HIEARAR 20 MK IPERR 21

4 R AR 6 A SR REAE SR AR L 1 TR AR
WO AR S R 1) A5 ) SR A L TR ] P AR A
SACE SRR LB A . 3 Ah 5 AN IRARAR S X 6 4
FER A BEAS T8 B A7 A A8 B0 78 A 3 AR B AT 1)
MARLSC R AT 43 6 4, Nk 1 .

a & [N 60
0 7 40
£ % 20
= 4 ; 0

=L

0
301 1.6
20l 1.5
= £ 1.4
L =
AL 1.3
1 1 1 1 ) 12 I 1 1 1 )
0 500 1000 150020002500 0 500 1000 1500 2000 2500
KR A KR

4 Rk AR 6 A SRR B) 15 5 I BURHE 15 B

1 AREBRISIFGIME R
45 1 2

*H M *E‘ 1:/]‘ Tm  Lrms s Lra s Lstd s Xp  Lske Lk X sTisTmar  Lsha

w
S
2]
o

H I 4 AT DAYREE S i 3 il 7R 12 5% s [8] (9 38 m
A TR B IR SRR AE R B A T [ B9 AR A B e FEER
AL B W LT e B TN, Y
b R OE R 12 B I AR (R AR AL 218 L 5 Rl R AR T 2R3
W RRAEE T T s e O WY SRS A O B
BRI o AE SR S A0 O A At T B Bl R W
A s e X ks AR 0 AR 25 UK 2 R OE A8 B
I A5 5 OB AR o AR/ o 2 il R R A 4] 4
P A 58 By B o o WY I 18 R LRI B0 5l 2 AR
b T RSP o $8 AR SR AN e 2R T
BRAFEAR Z TR 5 R IE 5 I R {5/ 4
FRPE NG5 9 R 40 L e ] S Ok, AR AR
P I S0 B 52 06 5 24 il K I 0 R L BOR AR AR 2
A BN BN AR B/ B bR 2R AR A5 5

http: // zkxb. xjtu. edu. cn

B RAEAT — B R 8GO B — A /N Y D e L B
AR R (R R — P8 O, 2 R AR R Ak
IRF 35 s ) 4 M A0 3K B A K
5.3 WaRzthEEEERE

HIRIE 12471 &8 b8 B9 IR A ARAR /) HLAZ
AN K 21 R AL T80 6 R S I 2% R (AT 2218
T b R b R T R B I R A R4 S G O
JEHARKW S, BT . A, HoAt B 3k 35 b5 4B 47
— AN B YE R s 2 B AR B LR X L
i U PE AN, oo X 5L 91 958 4 e SR (H 2 i
PN, o B SR A S R AL L (E 2 Dk B
PER I AHXS T LA B LA TR R » 20 1Y BB F i 35
PEERBAF o 101 FLIE M /D o PR AR S0l 3 Sy vl 5
PEVTA 2 A v e 7 PR o A b R Y i AH 22
BER s 5 Z AR R 0L 1Y) o A Al 7R B 28 o ) 22 A AR
Ko ESFRF ABRIRE o (8 B R 8 R
O o (oo =1.35) s 2, BEARYE 2., BOHE 725 1kt 3
PERE Y g <o, B HIRAE T IE & TARIRE Y 2.
=, I BIRAE TR . e BT E B Rl R Y R

BB A 1 845 S 1 615 A RAERT A A5 .
1.65¢
—o— Hl7KA
1.60F  —a— fi/kB
1.55¢
1.50f
7 1.45¢
1.40f
b 7 R 2% 1 L
.35f==m=mm == mmmm e e oo

0 200 400 600 800 1000 12001400 1600 1800 2000 2200
KA s

K5 AR AB BB S A2 3

5.4 MIGAHURE ER R AT S 14K R i AR
LUK A VE RS H X G MR R B 2 o BT %
U HEBR 2 o 2 0 7 D322 28 )7 51 { 2 s} VB0 LRM
BT X RBUEE 2= 1035, MR g <<a s N
AR v =180 v, =08 {y: A Logistic &
Rl )i Y X H AT SR BT A B R R AL

Rt | X))

1—RG | XD
271. 4 — 210. 22 4. (10)
1 e 17 Pp AR B Y 9 2 b B AEAR A (10D,
AL SR AN ] e BT X I 8 B BRCWD 4 7T &E B
Ry () E 6 FIBUEITR . BT 24 5 135
P SRS TR S 000 52 ) 0 A o0 A AR LA TR L L X HE

L(y) =1In = BX, =




46 [ . ]

K

852 48

%

B
o
=]

HEAT W S A a5 R 6 R SRR TR dE— 4
SR B hi (o IF )R 005 43 07 X6 L HE 47 5 bR
B KRR EIORT 55 T R OB AL A 45 R 3R R 5 K
%ﬁ@ﬁﬂm%mﬁmﬁﬁ%m%Zﬁ%Sﬁ%,
i 3 X FE R A ek B ARG e s BORE ek

0.6F

R;(1)

ZE0 by (O TE 7 R 0.4F 04 T R it £ v
B A A P {xa ) VERFERZERL AL, 0.2} o
. L)
R COBEHIER C X TG X & B TS i..,.-
BAS R AP0 E e af WA R 8 s . Hi 3k 00 500 1000 1500 2000 2500
BAH & At thl;zz‘j!lﬁﬁi RAEH
_ & 6 LRM {3 g 2 2R
C(t) = 8.994 X 10°exp(— 0. 003 9647) (11) ! IR
2 KRR h, (DR R K XA A HEK
2 Y TR 2 8
hin (1) =aexp(bt) a=2.35X10"° b=0.003 8
hin (1) = at® a=7.80X10"% b=17.21
hin (0D =aexp(— ((t—b)/)?) a=7.6X10""? b=2.216X10° c=3.72X10?%
%3 FRE hy, (D BER 89 BAE E B
o 70 24 7Y ¥y i WiE R RIERMRIE RS
hin (1) = aexp(bt) 2.92X10°° 3.68X10°° 0.999 6 0.999 6
hi (1) =at’ 7.99X10°° 6.09X10° 0.999 0 0.999 0
hiw (1) =aexp(— ((t—b)/c)*) 1.90X10 ! 2.99x10* 0.975 7 0.975 6
o ¢
c(n)
) o0 1000 1500 2000 2500 , _ ,
KA R 0 500 1000 1500 2000 2500
BT B R R (1) BT A 5t AR
B8 FAMAERE C(oXHBHIERX C

Ha R Bk e R B AR B AR AR . B IMS B R ER
COMRAX D) X by (O BEATHE B, 5 58 F ) L Py
75 b 5 SRR AR 1) Y L 910G FR BB, R ALB By B

A R L AR S — > e R A 51 A B R o R Y

o, R (D S
B = Eexpt /by a2
3 51013 BT )8 B O 2 2 7 0 4

R BB R RS A (O E 7 R ARIE 4
fis, Rkl

http: // zkxb. xjtu. edu. cn

h(t) = 9.811 X 10 %003 613 (13)
He h (O A (5) AT R A5 4l R B AY AT 5 B, 40
B9 FiR. 2% k(14 ], Logistic [A] )5 5 7Y J2& 3%
TR iy, B R ) BOE R sk s S
A5 T LAAS SCKE AT 5 BE (9 R 8 % R, = 0. 5, 0
P HC P i 2 B 2R RUCRSF 18] 2 1 535 AN SR A B[R] A, 52
BRJCRETE] 2 1 615 A SR A B ], i 4 45 (1] B R A
J7 A AR AR IR 228 4. 952,
AR Bl R AT R DAL S 4 A R E T BRI B




%510 3] BROR K L 45 28 K S LS il 7RG AT T 5 PP AG O i 47
1.0p remaining life prediction based on competing failures
0-9¢ for aircraft engines [ J]. Chinese Journal of Mechanical
Ej Engineering. 2014, 50(6): 197-205.

ol C2] f. FHE. AR 4. CFMS63 R EHL3 S
Sospo——————— 0220 AR A Ry B O A T s (D] s B

0.4f | J1% 4%, 2003, 18(5): 681-685.

0.31 I HUANG Yue, WEI Guilan, ZHANG Youkeng, et al.

0.2r I A new method for controlling CFM56-3 No. 3 aft air/

0.1 I oil seals separation [J]. Journal of Aerospace Power,

0'00 S(I]O 1 0.004 ) 1 5I00 2060 2560 2003, 18(5);: 681-685.

o W%@mggi R (3] KUK, WO B0z % BB b7 (M. 79%. 79

AR g AT R SR ICT HA 10 A S B L 4
AT bR T AR R B0 SRR R E MRS
—FEI S WA S R R B A R — A A R A 4
Bro WCRBERS Z IR AT Rl L 2R S IR AR 1AL
B FR U 4% J7 1 1k BE B O @R BT R AR IR A VEAG
A R 2 AR, T Qiu AT Huang 7836 3CH BT 42 H A9
MQE #8 k5" sl A 2 43 55 43 7 R 43 17 B B
I3t CHELURE B 55 55 08 BOH R A A 4R Ak TR A E 42
B, P P ik 1) PCM R R R 47 7T 4 kA 3

6 zt &

H T 583 PCM T e OB e 5k % 30804 1%
PR TR S F M AR SCHR T — B 3 T el
PCM 0] SV PEAG 5 1 38 i XL 25 & bl % il
AT AT EEPEPEAL I S A DR A58

(DT LRM 1Y hy, (Ol 107 8 BT 248 B0k
£ 11 ) SO B AR 2k R0 GF IO 4R S AR B B AT TE R R IR
25 MR AR OHL L L 1 BE S 8 R 1k I A% mlME R 4y
At %5 J3E bR B ARG 22 1 R

(DR FHEGEI T N RhfhE r fC o
TR LA T FOUL A R 22 A Al T 25 L DUIR S
DA 5 v i S e 7 13 722 s S0 o 5 i 488 s 1 S 1Y
BF ) Bl A Rk 5 8 47 AT SRR A B G G R .

(3 XL 23 & s WLl 758 17 AT 58 M PP Al 1z
FHSEAGIE B T AR SC 05 25 1 T A7 4 A0 A Rtk Sk A2k
BB TC R B A T B A7 TSR MR SR T — R
M FBe

S E LK.

(1] T, w2, RiEh. T RBmmes ksl
A FHArwom [T]. PLA TRE2<4, 2014, 50(6): 197-
205.

WANG Huawei, GAO Jun, WU Haiqgiao. Residual

(4]

(5]

[6]

7]

[8]

(9]

[10]

[11]

http: // zkxb. xjtu. edu. cn

JE Tk K2 AR AL . 2010 364-399.

B A S AL Rl Rl 5 i B0 R A 5
[D]. dbut: JEatfias ik K, 2009: 1-2
O’CONNOR P D T. Reliability: past, present and fu-
ture [J]. IEEE Transactions on Reliability, 2000, 49
(4): 335-341.

710 E. Reliability engineering: old problems and new
challenges [J].
Safety, 2009, 94(2): 125-141.

fPIE S, B F . EHO, 5. HULME & I8 47 AT Ak
VAR & R 5% [T HL TR A4k, 2014, 50(2) .
171-186.

HE Zhengjia, CAO Hongrui, ZI Yanyang, et al. De-

Reliability Engineering &. System

velopments and thoughts on operational reliability as-
sessment of mechanical equipment [ J]. Journal of Me-
chanical Engineering, 2014, 50(2); 171-186.

fPIE S #kde, B, . JETHLAGS B E B
WS RS R [T b E TER, 2013, 15
(1): 9-14.

HE Zhengjia, CAI Gaigail, SHEN Zhongjie, et al.
Study of operation reliability based on diagnosis infor-
mation for mechanical equipment [ J]. Engineering Sci-
ences, 2013, 15(1): 9-14.

INE, fTIE S, KRB, & R TIREMEE MM E K
BB AT A SE PR IE AL (], ML TR 4% 4, 2013, 49
(6): 30-37.

SUN Chuang, HE ZhengJia, ZHANG Zhousuo, et al.
Operating reliability assessment for aero-engine based
on condition monitoring information [J]. Journal of
Mechanical Engineering, 2013, 49(6) . 30-37.

COX D R. Regression models and life-tables [J].
Journal of the Royal Statistical Society, 1992, 34(2):
187-220.

DING F, HE Z. Cutting tool wear monitoring for reli-
ability analysis using proportional hazards model [J].
of Advanced Manufacturing
565-574.

International Journal

Technology, 2011, 57(5/6/7/8):




48 [ . ]

P

R

1 52 %

[12] SUN Y, MA L, MATHEW J, et al. Mechanical sys-
tems hazard estimation using condition monitoring [J].
Mechanical Systems &. Signal Processing, 2006, 20
(5): 1189-1201.

[13] LIN D, WISEMAN M. Discussion of “mechanical sys-
tems hazard estimation using condition monitoring”
[J]. Mechanical Systems &. Signal Processing. 2007,
21(7) . 2947-2949.

[14] CHEN B, CHEN X, LI B, et al. Reliability estima-
tion for cutting tools based on logistic regression model
using vibration signals [J]. Noise & Vibration Bulle-
tin, 2011, 25(7). 2526-2537.

[15] MONTGOMERY D C. Introduction to linear regres-
sion analysis, fifth edition set [J]. Journal of the Roy-
al Statistical Society, 2013, 170(3) . 856-857.

[16] CAI G, CHEN X, BING L, et al. Operation reliabili-
ty assessment for cutting tools by applying a propor-
tional covariate model to condition monitoring informa-
tion [J]. Sensors, 2012, 12(10): 12964-12987.

[17] LEE J, QIU H, YU G, et al. Bearing data set:
NASA Ames prognostics data repository [EB/OL]J.
[2017-08-20]. https: // ti. arc. nasa. gov/tech/dash/

groups/pcoe/prognostic-data-repository/.

[18] XIANG Jiawei, ZHONG Yongteng, GAO Haifeng.
Rolling element bearing fault detection using PPCA
and spectral kurtosis [J]. Measurement, 2015, 75:
180-191.

[19] XTANG Jiawei, LIANG Ming, ZHONG Yongteng.
Computation of stress intensity factors using wavelet-
based elements [J]. Journal of Mechanics, 2016, 32
(3): NI-N6.

[20] LEIY. LINJ, ZUO M J, et al. Condition monitoring
and fault diagnosis of planetary gearboxes: a review
[J]. Measurement, 2014, 48(1): 292-305.

[21] XUE Xiaoming, ZHOU Jianzhang. A hybrid fault di-
agnosis approach based on mixed-domain state features
for rotating machinery [J]. ISA Transactions, 2017,
66 284-295.

[22] QIU H, LEE J, LIN J, et al. Robust performance
degradation assessment methods for enhanced rolling
element bearing prognostics [J]. Advanced Engineer-
ing Informatics, 2003, 17(3/4); 127-140.

R 0 4)

(42 40 7O

(110 Ja38., #i s, M, % RFgRSmm iR

S AU SRR R B [T s B s 24
2006, 21(2) . 268-274.
ZHOU Chao, XHANG Haiping. CUI Deping. et al.
Numerical investigation of the cooling flow down-
stream of a turbine guide vane trailing edge slot [J].
Journal of Aerospace Power, 2006, 21(2): 268-274.

(2] m, 28, FE. BT EBEIFELS LR

PEREMEE BF 5T [J]. VO 3838 K% %4, 2016, 50
(3): 29-37.
GAO Yan, YAN Xin, LI Jun. Numerical investiga-
tions on film cooling performance of trailing edge cut-
back in gas turbine airfoil [J]. Journal of Xi’an Jiao-
tong University, 2016, 50(3) . 29-37.

[13] EmiZ%, mR, &, & BRABETRESIFEX LN
PERE MY AR W ARG [T, P92 3838 K% %4, 2017, 51
(12). 98-103.

WANG Ruiqin, GAO Yan, YAN Xin, et al. Numeri-

cal investigations on cooling performance of a gas tur-

http: // zkxb. xjtu. edu. cn

bine tailing edge cut-back [J]. Journal of Xi’an Jiao-
tong University, 2017, 51(12). 98-103.

L2 1 48 5€ >k 95 4%

R KT, EAM, F. R A o o B i A o 4

BV % . 2018,52(7):94-100. [doi: 10. 7652/ xjtuxb2018

07014]

A, EH . EN. £ BAEFTR MR BAAHEA

By e M 2 IR . 2017,51(11) :43-50. [doi: 10. 7652/

xjtuxb201711007 ]

FANEE.E AL E AL SR A R kB AR KA

HAF R K S B . 2017,51(9): 19-25. [doi: 10, 7652/

xjtuxb201709003]

B E RRCE -3 SRS Rl &R N

B 5. 2017,51(7) ;44-50. [doi: 10. 7652/ xjtuxb201707007]

BMR.EE.FFERAFE TR R KT 4 4 M4 1 M

{E#F %. 2016,50(3) :29-37. [doi: 10. 7652/xjtuxb201603005]
(% Keio)




