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Gear Trains Reliability Estimation with Failure-Dependence of
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Abstract: To statistically consider the dependent failure of meshing tooth-pairs under input
torque load, the time varying meshing feature is elaborated, and a reliability analysis method with
time varying meshing feature and dependent failure is proposed based on the Monte Carlo
simulation. The simulation program is coded taking the static strength failure modes of tooth-root
and tooth-surface as the objectives, and the common cause failure with multiple failure modes and
time-varying meshing feature are considered in the reliability analysis. The differences between
the proposed method and traditional reliability methods are compared. It is found that with the
increasing torque action times, the reliability is over-estimated or under-estimated in the
traditional methods for lack of considering the dependent failure of tooth-pairs, the time varying
feature and the strength uncertainty of each tooth, thus the proposed estimation is more
reasonable.

Keywords: gear reliability; series system; failure dependence; multiple failure mode

WA RGNS S RPN g h B, R HRTEZILAE s 0. KR R G 57 T AR

Wk HBY . 2017-10-26,  fEEFIA: AHREZEQ986 ) B WA EEGEGEE) . B 8., EE&WH. BEXAHKRE
2L 4 N PR Bh I H (51335003) 5 10 7744 T R 4% 1 1 P IR BT TP BE B IR E
[0 £t BB T] . 2018-03-19 W 4% HY B AE : http: // kns. enki. net/kems/detail/61. 1069, T. 20180319, 1751. 002. html



%5

FIRLVE L 25 2 TR 5 R T 2 J80RA 5GP B4 D 9 2R 4 T S AT A 39

PER BT SR R B 2 BIR 2500 IR I TR
ZHERITE Y N RAESE R ARE AR
A R 2R RIS 2 2 T 147 e AR G Y IE TR S AT 5 2K
W R AL s R G I R T K B A% 3 R SR — A R
ARG, 1EfLGEm nl Sk Mraltoe v 0 5 2 2 4
AR S R O R R U R A D — A i &
RS IR R A A TR PR R R R GOk T R R S
AR A 2 T A O R BN T B AL
OGP f) 147 6 22 9wl SRR AL O

ZGEAE AL A AR 2 AR T () — ik 220 T4
TR T 118 2 20 2 e G ) R Ay P el ) AT i
SEAG X (9 R BCRAT GETE AR A+ T 7 AN [ 16 220 AN 1]
A VR X i 7R A2 B 2 A B AT BE AL TR AN [
R 220 A [) AR 147 % 22 18] B9 2K 30 HoA GE i A 51k
BlangEms 20 ¢ AHFE AT N T, TAES X 8 AB) L iX
X RS B R BORGE T A OGRS T2 I 20 ¢, o HHAE 2 A
T, TAER XS A, By 2 X0 58 14 19 2% R0l 2 40 1A
KM BRI 2 A ARl i 20 HE s BA BEALIE
FTLA AiBy 55 A, By [ B9 R B BAT GETT A

AR SCLATR 8 ) A7 R 25 g R A7 4 ki K K
A 3 B BEAT AT SR AR 23 AT L 0 A b B R T R LG
FETAT H R ROHH S 0 2 5 0 AR A L R T 5
Fe R B HRETTEHS T 20 RS i 8 R 4¢
R EX /I R P N VR WL T d B VY
TEMCT X T . AR SO I T G A 1A X
(19 9 RCHH S TS A k5 R ) B A s S A L
o T BB 0 A B AT A B T SE A AR

1 RS RGN TR

WRANRGEMERE ST Z LR LS
HEX LB RGEAWNEHAR. KieEsh R
TAE B IR S AT A B A fE 1A TR = 5 2 5
Je— MRS RGE MR G BRI
T e — A S R B OF BEA IR B R AR
Gt B I [A] OR 1) Z2 00K 25 &R 48 O A AT A OB
B AT (10 T 58 S ) S AR SRR DAl R G T SR
WAL 3 R G B — X A8 18 12 58 Uk 5 e L AE R —
W2 A S E AR YR 5 F OO & . B 25
i 1L E LA L OF B X e A 7 W] R AR T
ENZ R EA G . e e T
SEVE AR A BT 2 SORE DG 1 W U R Y A
A FE B A0SR ) R AR B AR RN ) S
PR s SO D 8 AT SRR AT TP T 2B R AR S Y
RO N 5 AR

http: // zkxb. xjtu. edu. cn

2 ZFNRAHE T R S b

Y A

ARG R TS AT E P, Z2 2% 55
oH BRI — A R B B A . B E A
TE 22 T R R T AT o] — B 2 RCER B 5 3R 1Y
R, Kk, BAT 22 P I a5t =8 i 2 3 28 1 T 5
A AERL R 22 P Ok OB S A A i B B R e Y AT
B, RRHE RN -5R T S B 2 R AR SR Y
FBERAFAE n YT VB R () 0] 58 AT R N

m

R = [[R = I]j[J+W:f(&)wa1f(8,)d8ds}
i=1 i=1 - 5

(D

SR, SR R TSR i A TR < £ (o)

Jg LT3 s A HE AR B BRI f (00 3R B o (M R

SR U A0 — A 04 (B L A

ok T AR BB £ (T 14 46 76 2
BUBSTR n UCBUTE F I 0 04  7T 5p 0

m

oo
Roo = [ {[ [1=FLaeDTIendr] @

K h (D =aFCD 1" D) Ry e & SZ B n K
AT T Y B R R e 3 R R 3R R R AR Horp
FCD) Sy % v 28t BB A s B s s, (T N R BB i
TEE T AERT BRI J1 5 Fy R i 7E 3
i T AEHIN 092 S8OE3 s m Sl e S5
0 R 1A e 1) A A B8 A R S S R R A
W BA = AR 4 58 W] 5 RN N
R*(n) = {II[Jii[1—-Fi;xiw]]h<T>dT}}

i=1

3

H 2 C3) TR A2 S8 9 U 48 ] 5 1k 23 B o K 14 4

i R VR D S R R A R AT 5 TE R L

A A SRR GE TR S 0 AR S A DG L
AT B Wt 6 58 A% Bl Y 728 22 IR R

3 F B AR R M £ b O i = 1Y

SR ETR R TWIRES

W 5 A A A T 5 o 2 5 R A AR 25 il A 3 4 2
SRR, i SCHER [ 15-16 107 20, A8 3 [7) #1148 2% for 1F
FHF A0 WG A 5804 1 28 8 A R 45 2 b 5 1] LA
LRGN . BTG A 2 A58 1 R AR
25 il SR R RN O D B fh 5B A9 40 A PR B4 B R
Fu@® fe (O R fu (&) fo (&), 16 I B 411 40 28 17




40 [ . ]

Ko

R

1 52 %

FODB TR AN S8 B8R S A I Y ] g 2
RN N

ko= Ujf(ﬂj“ )fﬁ(&)d&d’]‘]

s
t

W f(T)J ( f‘g(8)d8dT]
Jorenf
U f(T)f( S () dadT | )

M B R R e, MR RN N
R, — Ul f(T)s(T)dT]

fa <a>d5dT]

o0 + oo
s(T) = J fa (S)dSJ Se()ds -
b Sio D

s €

Jura;
s, (T)

fc](a)d6j L0 () do (5)
o 509 (T

M) (FGE) AR, 2 B AL N 2 8% 5 1 3 0 48
W BRI HEREJEOR TR A, B Ry R, . A L, 78 A [A] 2%
SRR S JC IR S AH WG G 58 U7 10 45 i 26 RO i)
AR — R A A & il O RO SC ) L B BT G A G
PEIFABEN N & D TR KRB E M. 1
A2 5 IR A R RORE = A)AH B 57 T
B 75— 5 1A 1Y 22 b Ok R =X B9 S8 1T AH S
AR B i 5 5 AT 18 4% 2 280k =) 1) 48 1A DG 1
B AE TAE R AR v, 14 A8 Wk G A I 2 1 AR S
LG T R (R 2 AN A R 0 2
SGXHLZ Fr AVE IR B 2 # 3 B9 ik 8 28 i), 2 I
ﬁ%ﬁ"\%ﬂ:éﬁﬁf%ﬂg/\”&‘AHﬁ;ﬁ RIFE i Tvsl FRIR
G H PRI T X 5 A8 G5 Tvs]
Eﬁif‘%ﬁizﬁ% & 255t 2vs2.1vs3.2vsl 1vs2.2vs3,
PR R 1vs] Wi f . A4 XX I FefE 4 Dy f2 T
) n AR T BRSO B9 AT SE BEAT S5 3R 1 R,
E1 E ST R 8 T S AT

Lpa) WEEERS
lvsl Ria )

2vs2 Ry ()

1vs3 Rivsiiva (1)
2vsl Roa vt ovee ()
1vs2 Riveiveaveivs (1)
2vs3 R zveeavsizaves (1)

TEVFE WG G XS Tvs3 Bl HEFE I i Tk 5
Xt 1vsl EééfLE@ﬁﬁﬂ’EFﬁT&ﬁﬁixﬁl,IJH:uX‘T
Lvs1 () 2 A~ 14 10 38 B2 5 A8 1 O Jis 6 o 88 e A7
PEMTHEAE R XS 1vs] AR AT 1vs3 9 5% A1F

http: // zkxb. xjtu. edu. cn

BES Ry () s HAI G A 05 X5F 19 45 10 HE 31380y
B MARR], B XX R AR R TR T B n IR
PR 19 22 0 AI A B S 3 S 45 0 X6 ] i BE 1 e L

FHUL AT UL, fH 5 50 2 F 3 O 8 4 L i 1% 8
ARG FE T EAE 6 DX TSR, WA
BAE B R G R WEA 5 XHR 2, 25 1 2 Rl R i
WX A% 2y 22 e 14T W] 5 1 e A 32 Sl i & DL L TR
IR A B TR — R 8T B S AT . RIS R
B AMFETT I, T LIAR 25 5 52 L 25 1 £ B 2k s i =
W %0 Wi B B A8 P Y AT S A AT O
3.1 ERMHEMEXR

B 2 W A D7 X B AR G5 OC R I R I E

SWHRNERERN ICEREAERT 1. #if
iR D, TR ESE N2 L AR
4 FR 20 T e A B TR G A e AR v U T 4
fi 157 3 0V AR 25 1 T 3 B — YR R KA 3 L R
b2 A et 0 5 3 R A e R AT TR e 1 )
RN ) i SHEEER D,

ik — AWMt shmib e sh R E 1 5F
AW 202 Zs R Z0 B B i 11,36, 11
62, Lk Z & KHwTH 1~11.2,.Z, F Z,
Bide tb g .

| — Zl
o | O
Q @]
T 2z |—25
(0] (0] (0] (0]
Q Q @] Q
T T2
o | O
Q @]

I WRAGERERH

&G Ehviie 20 5 Z, N5 Lvsl g mk
BRI E T 2vs2, o0, 11vs11,1vs12, ¢+, 3vs36, e+
MR AT MR IR n<<Z, B, WG & U5 X5 R nvsn;
M7 <n<lZ, B, WERMNNn—[n/Z,]Z) vs n
((IHBHE) ;Y n>27, Bf, W &% xF R (n—[n/
20170 vs (n—[n/Z,17Z,) . Wi 45 15 5 09 %5 7 56 &

I ARl
nvsn, n<Zz,
(n—[n/Z,1Z,) vs n, 7 <n<Z,
n—1[n/Z]2) vs (n—1[n/Z,]1Z,) s n>272, [
(6)
KR n—[n/Z 12, =0. W% n—[n/Z, 12, =




%5

FIRLVE L 25 2 TR 5 R T 2 J80RA 5GP B4 D 9 2R 4 T S AT A 41

ZisRk n—[n/2, 12, =0, W% n—[n/2Z,12,=Z,,
xtF i B v Z, R Zs, TR EOR TR 2

WS Z, #idk — AVt 55 Z, IR RA e — A

U O R g AT DL 3 =X (6) o) . Bk 6,

0s 53 R Vide Z, B Z; 58 B — IR Wa A 0 FA s R U

e ALK A XA

_ BB 180°

o
K : By B, =emmcosa NI 48 S BR mh 5 L Be . Horpr e
REABE m B a HIETI M r, HEEBRER,

MR Z, -G AR Zs SE T 0./
WG A W — %5 Z gz (8] (A2 me & O R A

o 0s P €3M37,2 COSas _ &3 Zzn
= N = = 2
62 ISP Zg

€915 13 COSQ2

3 (&) AT LA AU 22 7R [R) il 2 A 14 6 =2 i) 1) il 15
WK FR . MG A 2w a, a7 DUz
5. KX @O HH n ARAK ), B335 ik
LSO SPO RIS
3.2 SREHREVEEHERIZE

T T BE T S P R v, 2 3 i O % B Bz g R
Tz Ui s B I RS H R AR IR . R, AR SO Y
AT A R 2 AT T 9 ) Ay e U X B T E BN ) o
KF W R o, /)

c >0 9

0 5 A B b 25 B Lo R0 S 43 A T A
N7 T R fi 5 BE 5 2 0 %6 R Sl R A Lo T 6 43 S
SRS R 7 R0 g

15 15 6 25 5 1 B A HILHE 28 for 2% 5 T AR P g
P2l ok Ko i A8 W R A5 5 e IR 2 AR R G 48 1% Bh
F G0 R A D BT S R O vk DA T ik R &K
FG AR 25 i 2R 28R 1) A SCOT B R R et F

CI % AR U T 42 fioh 58 58 43 A 05 AR 25 il 5
JE o A RERLE BTN 5 58 2 S8

(BN RGFEAR 8 T BEPLHI AR 5 %
BE AL 2 A3 A 50 U7 1 1A T 42 fih 2R B R B AR S g
B, DT A B EL AT R A B R AR AR

(3) 3 38 Bt AL 38 A A i B — IsF 2200 1) iy A L 2
i o AR U 6 1) ef A WG G R 0 I B 20 1 i
WXt AR 4R 1SO W e hn e i B T F a2 50
Bt X BN T o CHE i 17 7 05 |l ) 5

(DY o< B IR BB BR(2), Y 60 B, il
SR AT AR B non BRI UG 6 R GEFEA W F5 4

HE DL LB, 0T LIS B AR S A R R A A
AT I R RUFEASEL N R N 5 REA S8 Lt H

0 D)

€))

n

http: // zkxb. xjtu. edu. cn

CHR A5 RVl 3530 1 2R 58 014 ] 5 1 ol 7 45 8 A
ABOT K58 BT A1 280K 1) 77 i o3 A1 AR 8 73 i
A KRG AT FE
AR NP E R AW 2 R
F

{
[ 7 25 5 i 6 o B UG P i |
{

TR T, T & AR N
B filh B2 3 0 1A AR S A

1520 R HPE AL N, 3 I 1B B B kR
B 355 0 AR A R B 10 G A, L
{0 Pl i, o L7 4R &% RO R,
R EY LE A

&K

2 4R ST D R
4 BeAIE5 5 b

AL PG AR G ) R T -5 T PR R Ok B
WA . & 205 Z0 M Z, 5y 36,
RS0 AL IR N B AT R 43 A T~W (0, 1.5,
21 000) , 14 T $ filh B F3 Ky 2. 738 32 /T (MPa), ¥
M5l B F3 2 0. 003 73T (MPa) , 1 T 42 filh 32 J IR
MIEZS 43 i s 0n ~ N (1 000, 50%) , 1 17 25 i 58 S
MIE 43T . 0p ~ N (500, 50%), 3% %F 44 % M 1vsl
FFiRmE & . 20t 2vs2, 3vs3, -+, 36vs36, i [H] 3| ) 4
P8 Tvsl, n] DUIE o B0(f 77 e e, k=L F

R, = HRJW(H)
=1

+oo
Rﬂy(n)::J‘ h(T)s,y (THdT

k

T el ez
Sivs (1) = ,E |:J.\}”<’1*> ACER 6J.»f”<’1‘> ACTR 8:| (10)




42 [ . ]

Ko

R

1 52 %

K :h(D)=n[FCD "' fCT) R ASZ I n IR
AT Y R R U G T B M R R R eR R
FCT) g v 285 R A R 8 D) T 1)
AR PR R R R RN T 5 g IR A AR
m R R s b g BB £ () MR sk 6
(1 BE 3% 5 JEE PRI I

B UERL R A TS WG A A X jvsy Y Al SR BE RT3
BT R R BT AR A0 XA AT AR R CRGRE 2 b
RO I 3l R ORI i 2R 380 - 08 T W X
A GE TR A A

i3 2 (10D CHR R Y ) Fl AR S5 2 1+ 533X %
FERY P HERE AR AR 3 iR .

) 5 10 15 20 25 30 35
KR RE10*

P 3 1A AR 48 AT 45 5 i 9k

I 3 AT L, A 2 LR T U G B R T R
ROM SRR s A SO v 5 I e A i 3+ B 45 2R 2 —
ESgEH

XoF T 52 4 A [ U 500 14 e 4 3 UMl
ANFURBII TG HR 1 IR 5 kb AT e BEAR KL 1 A
AT A 5 BT A R W O R R E 1 X T
KRR 5544 Cn K HLAT 2 R f 4 5 4k &
WHRHAMMZRERERRG)  RFEE WA 55
LS S

8 8 15 0 3R 5 1) A A 2mes AR DA AT JR 4 A
T~W(0,1.5,11 200), &= . NS i 5t 5053 31 ok Z,
=33 il Z,=35, £ A shik s it v 150 3K o =
3. 873 44 /T (MPa) fl 611 =3. 652 1 /T(MPa) , &,
A B 5 58 25 1l R 7153 5N o =0. 006 36 T(MPa) Fll
or: =0. 006 T(MPa) , 2 >t & Y 1A T 2 sk 528 J32 Iz DA
EAA A 0n~ N1 100,50%) , 14 AR 25 i 3% 25 AR M
E A4 2 0r ~ N(500,50%) (B ¥k MPa) , 58 it
K2 RUFHRA T D ) BRI 2) AR ¢
JrEIF R R SRR AN A 4 TR

& 4 AT M AR HT 107 L O i 1 A
(VG5 R G AT HEBE K 0. 493 6, 7% 2 3148 19 A 4%
JEh 0.083 7, ALy A THS W AT & & Ol 0,103 6,

http: // zkxb. xjtu. edu. cn

AR T TR AR EE A T 45. 990610 5 1%
2 B AT SR AR AL T 19. 2106,

1.0

00 2 4 6 g 10
| AR AR BU10°
B4 3R LT NN 5 R G Y ] S

SRR RIS I R ey i i1 i A o I )
Vi B VR ST 2R R ZE A 2% 2R R =X B) AR ST
FRLADTE: 1l 7 Ve %6 R 0 n] S8 W 7 2 AR
fli TR RGN TR E . AR IEH IR T Wi G 44 4
P18y 2R SR A R0 G A B A8 M 43 BT O 3k O A S
PR B S Rk T A B, 7E % HE 3 A OO0 AR B
FEPERITE LR B G 2 E B IS I, rik 1 5
T 2 AR FR G RY A BE AR G T AR SO I 0 45 S A
ZHKR,

5 %

AHEL WA B 1 e B R RORE DG T G B AR
P 30 o H M AR T 40 A 14 A AR G0 Y AT E
MG 2 AR (H XA AR o i ad R AR A
A, ARIOIET SRR AR 7 i 78 % 1A B WG
B 51 1 % IO S 1 RO e I A IR A R 1 [
&4k T A R AT SR AT TR . BT R R
HAG BRI 1, 54550 N J)-58 BT 5 02 —
B EH T ATEE . AR SCIF R AR LU T 4
RRILEIE .

(1) AR 4l D 5 i B 1) B AR R 28 T D S i A
M5 6 R

(D IEFZRERP AL AR T BEM K
RO W A5 DA 0T 2R BORE DG 5 il B R ) O
ARG M. BT ERITIER B IR EZ R
T W A A T ) 2 AR O R B B R L BT A
AA LU AR SCT7 ¥ £ o Al AR A 15 48 R e iy T S8

(3 ALy ik B2 B T Ak & 1 — i U5 5 1% 3
FRGEABXE TG P9 Wi A 25 8 F0OBUI 52 24T B 1A
RHL G FE e s RG ST W E RN RS W]
L FH AR SCOT VR VPG 0 58 3R 8 1 ] FE




o5 BV 5 2 R 1 X R RORE S 1 1 145 6 B 4 T S R A 43
5% 3k . 2012, 48(3); 1-8.
(1] Mk/hdE, Bide, BiEMW, & RTIELMEEFHGER QIN Datong, ZHOU Zhigang, YANG Jun, et al.

[2]

[3]

(4]

(5]

[6]

[7]

(8]

(9]

FRELIE 1 U %8 1% 3 R 4y 38 B2 B B0 T R 3 25 AT §E
[T, Wy RIE TR K2 4. 2017 (2017-04-27)[2017-
08-20]. http: / www. doc88. com/p-5307498769541.
html.

LIN Xiaoyan, WEI Jing, LAI Yubin, et al. Residual
strength model of gear transmission based on nonlinear
fatigue damage accumulation theory and its dynamic re-
liability [J]. Journal of Harbin Engineering Universi-
ty, 2017 (2017-04-27) [ 2017-08-20]. http: / www.
doc88. com/p-5307498769541. html.

BENKAMRA Z, TERBECHE M, TLEMCANI M.
Bayesian sequential estimation of the reliability of a
parallel-series system [J]. Applied Mathematics and
Computation, 2013, 219(23): 10842-10852.

HUANG Xianzhen, HU Sen, ZHANG Yimin, et al.
A method to determine kinematic accuracy reliability of
gear mechanisms with truncated random variables [J].
Mechanism and Machine Theory, 2015, 92. 200-212.
XIE Liyang, WU Ningxiang, QIAN Wenxue. Time
domain series system definition and gear set reliability
modeling [J]. Reliability Engineering &. System Safe-
ty, 2016, 155; 97-104.

HIHEE, BRE. R LA HATEARREIREN
ATEEMESE ST L], P E ALK TR . 2007, 18(2): 146-
149.

HU Qingchun, DUAN Fuhai, WU Shangsheng. Re-
search on reliability of closed planetary transmission
systems [J]. Chinese Mechanical Engineering, 2007,
18(2) . 146-149.

ZHOU Di, ZHANG Xufang, ZHANG Yimin. Dy-
namic reliability analysis for planetary gear system in
shearer mechanisms [J]. Mechanism and Machine
Theory, 2016, 105(11) . 244-259.

AZIA E, CHASSAPIS C. Comparative analysis of
tooth-root strength using stress-strength interference
(SSD theory with FEM-based verification [J]. Inter-
national Journal on Interactive Design and Manufactur-
ing, 2014, 8(3): 159-170.

NEJAD A R, GAO Z, MOAN T. On long-term fa-
tigue damage and reliability analysis of gears under
wind loads in offshore wind turbine drivetrains []J].
International Journal of Fatigue, 2014, 61(4): 116-
128.

ZERIF . FER, B4, & BEPLXEAE T T R &
ML L s R s AW St o D], ALk TR+

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

http: // zkxb. xjtu. edu. cn

Time-dependent reliability analysis of gear transmis-
sion system of wind turbine under stochastic wind load
[J]. Journal of Mechanical Engineering, 2012, 48(3):
1-8.

NAVARRO J, DURANTE F. Copula-based represen-
tations for the reliability of the residual lifetimes of co-
herent systems with dependent components [J]. Jour-
nal of Multivariate Analysis, 2017, 158(6). 87-102.
XN, RS0, F5 IR PR A5 A AE O B XU rD B 58 4 T &
o (D], MU T R4, 2015, 51(10): 164-171
LIU Bo, AN Zongwen. System reliability analysis of
wind turbine gearbox considering component life de-
pendency [J]. Journal of Mechanical Engineering,
2015, 51(10) . 164-171.

WRoCHe, ST, 4, 4% 2T Copula s EHY
2.5 MW RUHL 6 4846 5 46 T g vk 20 b (D], TR it
4R, 2015, 22(5): 425-430.

CHEN Wenhua, ZHENG Zhaopeng, LI Qizhi, et al.
Gear reliability analysis of 2. 5 MW wind turbine gear-
box based on Copula function [J]. Chinese Journal of
Engineering Design, 2015, 22(5): 425-430.
ERYILMAZ S. Multivariate Copula based dynamic re-
liability modeling with application to weighted-k-out-
of-n systems of dependent components [J]. Structural
Safety, 2014, 51(11) . 23-28.

XIEL Y, ZHOU J Y, WANG Y Y. et al. Load-
strength order statistics interference models for system
reliability evaluation [J]. International Journal of Per-
formability Engineering, 2005, 1(1): 23-36.

WHEH, Ei1E, R4, % UM EEErg s
Jrik [M]. dbat: BReA i pat . 2009 271-283

JAEN . 05, 25 I8 AR Al AR RO OC 1 Y XU 14
B RGBT EESH [J] LA TR 2H,
2016, 52(11). 80-87.

ZHOU Zhigang. XU Fang. Dynamic reliability analy-
sis of gear transmission system of wind turbine consid-
ering strength degradation and dependent failure [J].
Journal of Mechanical Engineering, 2016, 52(11);: 80-
87.

WP MR SCRR. T B -5 B OG FR 1 R AR s
BTk S [T ], BLARGE & . 2010(4) + 10-15.

XIE Liyang. LIN Wengiang. Failure rate modeling
method based on load-strength relationship [J]. Me-
chanical Strength, 2010(4): 10-15.

(i BRF)




