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Preventive Group Maintenance Strategy for In-service Agricultural
Machinery Equipment

LIU Jian WEI Xiao YE Jin ZENG Baigong LI Mingsheng
(College of Engineering and Technology, Southwest University, Chongqing 400715, China)

Abstract; The current maintenance strategy for the in-service agricultural machinery equipment is mainly
post maintenance, which often results in poor economy, low maintenance efficiency, and the inability to
ensure the reliability and safety of agricultural machinery equipment in service. Aiming at these
problems, a preventive group maintenance strategy for in-service agricultural machinery equipment was
proposed. Firstly, the fuzzy clustering analysis method was used to classify and grade the failure data of
agricultural machinery equipment, and the reliability evaluation model of agricultural machinery
equipment based on improved competitive Weibull distribution was established, and the reliability level of
agricultural machinery equipment was quantitatively evaluated as well. Secondly, based on the seasonal
service characteristics and the economic correlation of agricultural machinery equipment, the algorithm
model of preventive group maintenance time interval and maintenance opportunity was given. Finally,
considering the relationship between the maintenance personnel and the number of agricultural machinery
equipment in service, the algorithm model with the minimum maintenance cost as the goal was
established, and the group maintenance plan of agricultural machinery equipment was obtained.
Combined with the historical failure data and maintenance cost data of 10 small combine harvesters in a
farm in Chongging, the specific implementation case of group maintenance strategy in the service stage of
agricultural machinery equipment was given. The results showed that compared with the traditional post
maintenance method, the preventive group maintenance strategy reduced the total maintenance times and
the total maintenance cost by 22.37% and 19. 11% , respectively, which verified the effectiveness of
preventive group maintenance strategy in the service stage of agricultural machinery equipment. The
proposed method provided an important reference for the research work of maintenance strategy for
agricultural machinery equipment.

Key words: agricultural machinery equipment; group maintenance; reliability; maintenance timing;

maintenance cost

Wk H 3. 2020 -08 —11 & [H H . 2020 - 09 — 12
EEWE: HEARPEIES T H (51905450 ) Fl i o 5 15 FE A RHBIF AL 55 9% % 50 %% 4 1 H (SWU114038 . XDJK2015B008)
EER A WS (1985—) 55 PRI, I &, B S8 5 2 L 7 i AT EPE DT 5, E-mail : sword_19850415@ 163. com



¥ 2

MIe] &5 . TR AL w8 T 1 2 4 16 5 s BT 5 317

0 3

2 165 5 W2 B R AR ML 4508 47 T SR S R
AW EERE . AT, 76 15% e HLEE % 19 45 15 55 ms o
FE T AR F2 % 1 ) B AR ML 4, HL 3l SR T o )5 44
B RIEFT . G RCRAE SRR & B0 415
JRAS AR WL A 416 BR Y 3 58 A7 7E B el R
it B2 s TS 15 17 B AR B O 0BT g T 9 4
1" WU s 4y 2% T B AR L 4 1 IR
BE R e {48 BR 35 3 08 A7 7 19 r) S80S ) —
JE i o

AL A IR A 10 2 4 PO A PR i R
HARAAT 55 12155 2 6 e L% 45 3t ] 58 0, TR I 7
R GG LR EREWEHMEY ., ZRER
GEAEAE 4 PG OC 2, BIVASH IA) AR 56 | e s 4 56 4
ZER R CHE RN REAR G L E 2 & R 418
P e, OKUMOTO %57 £E 1983 4E 1 Wi i T %
o A2 4 16 55 W 1 HE 2 5 ASSAF 45 A [ % JE 0
9 S5 AEF T AR ) 28 S 20 4 1T R B 2 4 1
HeWs o BT L A 16 T 5K W R R T R T T
WED W s " S8 K E R AR S P, A A
i P R £ R T A A A ), AT
DASEN SO RS ) R A AL L EAT S
BRI T 30 2578 i SR BE i, BRI SCiik [ 11 -
21 ) % B 25 AL 4 1B B BEAT T — RSB SE, 4R
TETT FHBE (26 6 ) 4 16 W% 54 29 OIS O T L X 4%
SRR S A TR AT 40 e SR A0 Ak, M T B L 1
S WS KOG S M BF 5T

SR, ERBF R LA P AL OBAH B R
PR AR 2 45 18 4T I B e A7 B — (LA B, 9 R %
VAL P 5 L phy 22 e LB A7 A 1 45 SR, B
5 AP B 1 B WA A, T AR [7) 25 T80 38 47 g i o
TEREAHLSE e B DS M SR o 22 k. @i T
A A IRABE 0 AF 7 2 2 1 VEARAE , (S B £ %
B 2 0 I 2L 2 16 R 1 5 4 P X T AR AL 4%
ARIE o T3 P T AR R, S O A A BB A
TAT 1 RS R 2k A6 B LR A 1 B 4 R AR TR B
KR, SRR 2 o BRI, A5 SCTE 2 JE 4k 15 A 1
(Al -, B HH — 7 75 A LK A 1) TR By 1 R 4
TSR, LI RS A ple 18 25 % HL%% 4 7T 4 MR T A5 45
P 2 A5 R R 0 16 5 U P 22 1A ) A

1 FERRKEAEETRE

AT SEPEPE AL 2 2 M PE p AR BILEE £ AT SR LK T 1Y
T F P A IR o0 A A AR A S R AL
2R G2 75 i o3 A B ) — Bl e i LA e X X

il

FEARNLEE AT &, T 338 17 R 5 o 2l 7
[F] 43 A1 1Y), PO B Jg AT 7R 85 R I N A 5 L AT R PR
gk, SCHR[22 ] B Foo i e &5 (e 4 R
R0 R TE A B AT R AR G AT KBRS AT T A,
HEB T 2 65 i B4 o 1 28 45 1 B i A 5 38 S AT 7R 43
A o A SCHE 3 Bk 5 A AT AR TR R 2K 45
BT BEEE | O 45 B AR SR BIL 3 A 1 e 15 BF 52
5217 TR VAL Hm SE 4 o

1.1 ET8ESHERN A

h 56 B RAEAEAL AL A 1 J5 A7 R R, A
SCHE SCT B AT RO B R AT e M R R N T 3 R
ARSEMEA O DL N7 8 AT B 5 R L ) 2 T £
K&

A WL £ 3B 7 W0 R A T8 M Y a2 IR < FE AR
B2k £ HR AR Aok 2 ey, JHLC 50 5 R A Ja P 2 36 B A7 i
W5 11 B AL 30 5 = 7 B30 o /) Bl ATL B = 1 A B 5, T
F RN

Fo= (ot o) (1)

W FVERTEAT R TR FTA 4347 45 3]
n AR F, R ERNEE [0 foss fne HE
TEA RS A 1 I A% PR B8 55 12 17 L0055 IR, W
FORE R L NS =18,,8,,8,,8,,5 1 =1 T
YERE 3, RN ), TAEBREEAE N 7 BRI &, A
NHEER . E RN ) s R E B LS S, =
1, 2, gy Horp SRR R Ty s, AT LA (50 4
fEEEE S E X p, () =& F % i(i=1,2,,
n) NFEAEJE M £, 6 R A S, 0 SRR B JF 8 bk 5
TEA AR AL 2 A 4 ASERYI I 5 5C 8 3 Iy

R=| (2)
K r, HIEE f SRS S BRI SRR I,
B ry =, (f,)

Be g AHOBR DL SE R — A S, B A K
L 55 HEAE T 508 X g A ke B g 0 A7 74 74 L
X, W L G o A D) R A B A 18 AT R
ik Ja P A SRR 7, nl BB R IE T — K 1R E g A

B AR E NI RN/ S/ QN AT SRR S &
WHGE R AP A AN
t/»
ry = .:lmza').(' t (3)

L2 HESHEBENERE
AR5 A 32 AT I R 0 TR P ) A AR Bl
AL R P ) T DA S A Y R



318 & Ml

=
i

g 2020 4

HRAEZZ 1 4y ARSI P o B2 R T B3 A i s
HilE A, A FRH

a0y (&0

~ Ay Gy 7 Ay,

A= (4)
a, o, «

®1 EHITEHGRE

Tab.1 Fuzzy rating scale

7 o, Fil o 19 LU B RR JEE PRI oy
1 05 PR MR A 0.5
2 i JBYE R R 0.6
3 RTEL R E 0.7
4 R R EE 0.8
5 i JR TR L R P A X 0.9
6 JEL$ 0.1,0.2,0.3,0.4

T BB B T B A A 2 MR B
R AR Da, =0.5, i=1,2, =, n,

@aé/-:l —ay, 1g=1, 2, -, . @a;j S0y T Oy,

Jk=1,2, o n, AR AR
a11 a12 &ln

A= E‘ZI a.zz &.Zn (5)
anl an2 &nn

M E(S) A4 2 S B e & 1 /oSy s S
AL
W, =(w

pl pr’ Ty pi

w, = B'i'j;a”/ 12'1 B'L'j;&'! (6)
X B—RED I B RS R
o, —— BB RYE 58 XTI
T i A% 2 ) o R A
[F) B, AT SR AT 1 5 1 SR L A 3 A7 W e 4 Ak
JEYE FIRTE W= (w,, w,,-, w,) o RYIEHELE
IE Ja P B4 ASC R ARRSERS) 5 Fee 5C 28 4 [ W A5 31 2 B A AR
PR B RO 25 5 TF R B

Wiy, W,,)

Hrp

B’:WB:W[Bl B2 Bp Bl]T:
b11 b12 blg
b b “ee b
(Wl,wz,"',w,) :21 :22 :26’ -
bll bzz blg
(o] by = b - b (7)
X B,—5 p BIEBRCARAL A A B 7 G0 1R
WAL 1

bl—25 | BAERACHLRE B I A7 4 B % He ke

B N g PR R s B PP

L3 STHEHENIXERULE

s ATyl 4 NG Z =1 Z, (i)
Z,(%H) Z, (— ) Z, CRWO | T B A il B 25
AR AT o KAz AT AR T A5 R A B A S
Ph A A3 X IR T A7 B AR B 0 4 SR R A Ak B #r
LA A D B A B P 81 FEBTAR LS A Al g x(
F,o= s fros oy [ BUBCRESS B 51 B A

B"=ZB=Z[B, B, -+ B, - B]'=
bll blz blg
A b21 bzz bZA (8)
bn blz blg

1.4 MH#TZSFEMREENTTEETHRE

A 2o A PR SR 2R S 11 T i s A BILRE A 1B AT ik
BEAE VA g m 2, B S804k B A X L — A (B0 B A
[F (4 Lk 57 A T 78 A BILE A 1 8 AL A, B
T=min{T,, T,, =, T}, B F ()= T, RBKK
S A R, TN L AT A5 2 2 6 AR SR PLE 5 1 HBUK

I—F(t)zexp(—(:])ﬁ) (9)
Ah p—REZH  p— RS
HonT 5 B2 R BOH

; Z A (x)dx )
(10)
AP A (x) RN | MR R AR
R A1 AR A L2 25 5 I £ SRR B2 Ofe g 7 A
WIECBEAR IR RS A = (ay), ., HoH o R ERE B Y
B AR, ot AR

R(1) = H (1-F. (1) =exp( _f

g _ _
z | b, —b, Il b,-,,, - bj|
a, = ——= (11)
g ¢ _
4/2<b “b)? S (b, - b))
m=1 m=1
_ 1 & _ 1 &
Hh b. =— b, b =— b
g mz::l I nz‘l !

FH L T S 0 R AR (D B A S
T3 ) R AR B 0 A5 54 1 (A, PO
WBEWK I A WEEA ((A) . A =1(A) B
BEEN AR, T A = (ay), ., BOBORI B 25 10 B A
R B A T4 o X 9 5 ) S R AR

A, =(a"),,,
{l (EU»B)\)

Hh alt = B
0 (a,;<A)

ij



¥ 2

MIe] &5 . TR AL w8 T 1 2 4 16 5 s BT 5 319

WA A K5 P OCE o 1T R B 33— 26, A
T 52 BT X TE B AR DL A 12 47 i e I 8] 9 BR) 2R 2
AT
L5 HARSFEHREENSHLEE

A A B (Bootstrap ) X gt ik 5 4+ g Ajs /1 A5 7
SRR LRSI

(1) Bleash 5 4 J A R 15 58 5 A1 o B0 PRy R A o
AR A T 4 AT R O B3 A1 R (), WA

ln(ln ) =Blnt - Blny (12)

1
1 -F(t)

é\yzln(ln ),x:lnt,a:—Blnn,bz

_ 1
1-F(1)
B, AT AT B Bk T A AT 2R I3 A B AL LR Sy
yi=d+bei+ei (i=1,2,-,n) (13)
(2) AR A0 Sty 5 ) P e M A A T 2 (13) 1158
HESE a A b A THE R

i=y-bx (14)
S =D D)
b= (15)
Z (xi _9;)2
(3) N (15) f e 22 0
el:yi—d—l;xi (16)

(4) LLES 2 e A R 00 6 BOHE , 0 B B o AT
B TR L 2 B 500 A~ F B RE A

(5) 0L L 500 A~ 1 B RE AR 9 85 25 e, 49 0
AR ¥, = 6 + b, AR A B 500 A E B E A

(6) A (14) . (15) 13 E 4 H B EE b 25
a b R

(1)t a= By Fl b=, 54 B.n i FH Al
BEAM i

(8) 3 1 V145 1T 45t B 8 Bom () S5 AR VB A X
(G £ 90 B, S o B S B AR Ak
A5 26 A AR RS IR (1 T A R e 75 8 % o 7]
S R

2 TARTMERAEEHYEERILS R AR

AR SCAE 2y A B AR B2 6 2% T RO 3 v Bl A 7K
P8R ] A B pR BRI I AR L A5 LS Br L0 2
165 J3E R KR 448 N B3 73 5 258 ) AUt S DA 4R 1B 1 [
AR I AEME BT o A 45 MG SR IF I 1Y 2 il
b ESE T RN 2 B TE B BILAE A 1 TR 1 4 4
R
2.1 EARHEERRE

PPN R SRR 3 R TR
MG o T E A A R TR B R AR TG i B

B, 45 1 AR 2o AR E R 22 B 40K, OF HL 4™ dh
H— A BB 2R 5 AR AT RE 2 5 | A AR ) k4
IR A8 A2 0 B 52 e o T T P 4 £ SR et T
7 B IS  FE AL B 2 e BT 5 R BEIE 52
S Wi e RV N N RV o R TS
F S BRI AT L0 A 5 28 0 M 45 ) R, A SCR T 10
b7 1R ZE 12 A

2.2 BUABHMERDE

TEB & YR T B b, 8 F B0 4% 0 H B R 4E B
TR W 22 £ F B AR AEAE I B] (] B, el T % AR A
8 4 A I 0] [ B8 O A [) , £ 2 A7 26 ) (] ) B 22 B
AR, B I A R AL 40 ik 26 4 16 8] B Ok 45 & 48 18 K
W, 75 U 2R G At — ELAF HLAEAE T A5 L AR
S A ARG WA, BT LAAR B 4 8 A G R T LA
Y48 T 208 e AZ 10 18] (8] B 2R 47 88 5 O i 5 —
B 2 5 ) 5 B T K I 1 2 5 v 0
P BT A S A R 2 2 0 SR W B S0 &
TEBRARHLRE 5 I g — A R GE, Hop i B AR LA &
B Ry i 22 g8 vh i — 8 43, X 2R 48 AT 5 vk R 4 1
[F &) i 26 A7 3 55 A, O i E AR RGBT A
2 41 W
2.3 TABGMERLH%ERIEERIE

TEBCARHLHE 45 4R B AT 55 A9 B e an

(1) TAEmSIA] . FEABLAR B A 5 HAl 52 A DL
VA B AR R B AN ), 3 B A v R A% A A )
Fifr | FH ) 457 B LA R e SR 0 o R ok Al a8 G g 2 Al T
[ AL m ™ A TAE R A TAE H e f w4 n”
WL TE—EM " FRE 0T, HA 4 AR R
T,=i"n"m",

(2) 4efe 90 o R BLH B TEBCR LR A 19 [& €
JEAS et & PR 7 K A 5F 9% 5 ¢, O il i N D
A B G AL R A ) B0l o T A A ) ) R AR
¢y 3 B B AR 5 75 4B 0 18] oy T 452 ™ 3 A B AL
IRF i) A 7 45 R AR e 0

(3) ATHEZ o MRt B AR HLA A AT 58 32 ok B0
A K TR B, EL 2 6 RS & B AT HE 2T R3] &
I, X AR AT BT 1 I A 4E 1

(4) 4efB e . deiB R R AR TE T gEB i RS0 h  1E
WUE RV HEME 2610 T, DL E B ZEAE I (8] N o R R
B 5ok Gz 47 RCRE B ML A Ml B HE B B ek Kl
M (1) BRI 22 6 e AR B 5 HE AT PR 1R A 20
YA I, FOAT 5E 2 R R T — TS BE BB SR R R

R(t),,, =M(t)R(1), (17)
2.4 TR ASERBEHEEZARSES RN
1ESE PRI f7id Re b, EBUR AL &5 1 5 4



320 & o Bl B ¥ iR

2020 4

T Y NG B, 4B R RE— Rk
Xt 4 S AL a0E AT T B T B AL 4 A, BT A K 418 N R
B RN TR AS T AR A S B S R 0L il 2R
SE PR, FEEAT T . AR ST A SPSS Pearson 3k
il e 218 N B R 5O A 2 [ i 1] f, SPSS
Pearson Jf& 5t 75 & #0400 40 5 55 BRAm £ W) & 2
A ARG 36 , HR2 (12 d 1] 18 SC IR 407, LA 3l 1 e 3T
M, JE Rk SPSS Pearson £ 50 411 A i AH N Hh £k IF 43
BrBCR i 45 9, AT LA R B 4E 16 A B 3o 5 0 TR
ARG, R & dE 6 N A NEL T 2, 4 s o
R A & R ¢, =c(r)
2.5  FRA 4K 4H 4 & B i) B R
R RUEAE B AR B 45 P R 2 L 28 78 S5 By 0
TR H AR B RTS8 B G AE R kT, A AT
FEFEN kT I R] A o, 4 D I BB D, DL AT R Oy 1
B k"Xt R A B TE) O B o A Ay B A 4 4 1B AT
S5 IR 20 5 B — YR 9 B M B4 4 A5 S e TR] A O TF
GEHTT, Y 0T S R BRI AR R IA B kTR,
D)4 B ) B4 2 A I H TAE B T W4 i 7E
BRI 5 1 A A B L, AR SO e 5 L k4 g
W P AE G B IR T, =0, -1, o
2.6 TIBAMERALEE A
DL N A0 S7 8 A7 HOAT R & A B0k 1) 78 1R AR
B 8 BT AL B R GEAE WA FE X 5o & N(1) fR3%
Z RN R IEATES L U I B M L4 41 5 A
W20 TAER R &R (O<N (1), <N,L=
1,2, n) B FE AR AR L% 45 0 3 e A 1 3 3L
FIEERE B R (1), Hoh B 5 FE AR R WL EE 25 ST
G 53 Aii o W N(Ce) 15340
F(t),=1-R (1), (18)
Rt , 26 AR ML 206 A BE R AT 50 L O LB M A 4
B JE eI 20 ¢ TAEM B BE R y RN
PN =1, =[]0 0, TF 0,07
y
(19)
N(t) (534 o — 355 A, JeBE
E[N(t)],=N[1-F(1),] (20)
BB 4 FE AL AR ML 2 AR I 515 3K 31 4 ] &
JE kTR AT 0B M A 4G, BT 4 A R A
N G(1) o 5 LATAMBOT 4T RN

R, =c¢,N +¢, +02NJTLF(t)LdG(t) (21)
55 LA BT E R PR
Poze, [ INZEINGD)]ICOE (22)

G(t) =1-G(t) (23)

_E..

HHAE M(OR (1) <k™ B WA AR 5
BEAT DEAT BB A L A 1 0 B2 RIDAR T4
1M 9 B e S A A A 2 Ry

c(G(1))= Y R, + Y P, (24)

TEA% /N B IR A AR LA AT IE % TAR BT T
H

T= 2 T, (25)

3 EHISH

AR SO E R R A 10 & 4172 - 0. 6LA B/
RUBCA ISR AL 2015—2019 4F 119 Iy 5 i Fi 5540 LA &
A AT R o MR IETE A /N RVCIR BIL Y e A% 2R
B G847 L0, 6 4% 258 17 B B0 2R 47 43 B
P AF B 13 SaB A7 s e E R R 1
BRSNS 2 o Oy AR AR SC AR 1) BB L R gk
e e 1 3 18 3 A R A R AL 8 A4~ is
AT A o (4 Fofr il s S b A3 bk 2 ) R AT Al 58
P BT, BB BT A R AR U BR AR F =
[F (BRI EARRIER TR JF, (RS 3G B 3h
1) Fy (R I8 851k ) JF, (RIAR)™ H AR B
SRIN) Fs (HLE S BRs Pi AR W ) (F (3R R TE )
SRR A Z) F, (AW ARBG) Fy (R 55 HE
B AR AR AE B e 20 R ) |, IS AT R Kk AR )
T=11,(266h), t,(307 h), 1,(404 h), 1,(469 h),
t,(521h), t,(593 h), ¢, (675 h), 1,(792 h) |, &
i AR SCEE 1 FE AL /NSO AR ML 1) 3 1 7 0 e A = i
11 FTA S5 4t , 45 31 A B R R Ak & 1k 4R 5, SR )5 i
Tk AR A B ) Jy i m] A5 B H 4 RG0S 4T R X iR
N 7 BRSSO 25 B PE ALY 15 B AT R Y
TR F DL AE M A 55 o SR 0 G2 1) 1% s 6, DA T 5
FUBOHI S5 0 H A
CLO00 0.9232 0.9275 0.9275 0.9873 0.8981 0.8981 0.94727
0.9232 10000 0.9232 0.9232 0.9232 0.8981 0.8981 0.9232
0.9275 0.9232 10000 0.9574 0.9275 0.8981 0.891 0.9275
~ 1 0.9275 0.9232 0.9574 10000 0.9275 0.8981 0.8981 0.9275
L0913 0.932 0.9275 0.975 10000 0.8981 0.8981 0.9472
0.8981 0.8981 0.8981 0.8981 0.8981 1.0000 0.8982 0.8981
0.8981 0.8981 0.8981 0.8981 0.8981 0.8981 1.0000 0.8981
L0.9472 0.9232 0.9275 0.9275 0.9472 0.8981 0.8981 1.0000.

HR G SR 2R 26 5 vk P S RSB A 2 1
0.9873.0.9574.0.9472 .0.9275.0.9232.0.898 2,
0.898 1,Jf HF{EM KoK £, Bt A =0.923 2
A =0.892 8 JEATIHE 15 B SE M & RAE N




¥ 2

MIe] &5 . TR AL w8 T 1 2 4 16 5 s BT 5 321

> |

0.9232 =

0.8928 —

— O O = == s = s OO = = s =
— O O = = = = = O O O O = = = =
= = e R e R e R
= R = e R

1
1
1
1
1
1
0
0
1
1
1
1
1
0
0
1

S = =) O O O O O O o = O O ©o o o
S = = O O O O O O = O O O O O O
— O O = = e e e em O D = e e e

SER AT NP a0 4 €/TE s R A J
b g b A i3RIy, 1y, 15, 1y, 05, 05 f Htg, 1}
2 2, 25 R BT O B B N R AR B e R AT Ak B 1
BEOR L BOESE A =0. 898 2 A Sy is A7 R R A 1 2R
FEEH RIEL A =0. 898 2 A R A 2% A g il it 55 4
JEAT ZR BB o 2 ANk Sy A 1 R AR . i A
B AT LA 250 m, By T m, Bo I AR AG T 1 X ]
JUHE, e 2 iR

FE T OCHE 3 G AT IR, 2 6 AR A /N R AR
HIL 1R 5 s 3 o B

A1) =, (1) + A, (1) =Bt Brppr
Ui 1>

1.2210 x10 %% +1.360 6 x 10 ™7
Honl 58 15 o6 50
R(1) =
exp( —4.6567 1077220 _1 5378 X]O_25t9'8476)

R2 BHERSFHARMAEGREAESHMLTESREMGITEE

Tab.2 Improving competitive Weibull and single Weibull parameter estimation and interval estimation range

90% W 5 S AT R AR TR LAl Al IR AT
AR m By 2 B, n B
M 259.968 8 2.6220 330.9103 9.8476 567.190 8 2.8699

X 4k [168.3974,324.5621]  [1.8276,3.4217]

[289.278 3,372. 167 2]

[7.9176,11.0287] [482.2109,612.3433] [1.9277,3.6721]

S84 T e LB ] (MTBE)
—_ j S(1)di=211.711 h

BB /N BROSOR AL 5T 4 P SR 09 % AFTE LA
[Fi) 328 A7 00 [ Xof /N BRSO AR AL 5 o 2 JRE 1) 22 S M A 52
P A5 PR P 0 ] R U 32 T AR T A A 2R ) B
BRSO B SR T A AT R R R Y AT AR R AR
EREAF G EBREO

e N\ 5103 e 5 4818 28 A A SE 3T 0 A B
A SPSS Pearson H, i i SPSS Pearson £ 56 43 ¥ %X
TS WARAE S KPS NE X YNGR & 1S AN I W N ]
AT ER c(r™ )

e

¢, =c(r”) =200N +100 —
.

XA B S PRV, E R N =10, ¢, =

100 ¢, r* =4, p=1, ¢, =200 I, ¢, =300 JC, T, =

320h, M(1) =0.9, k" =0.7, 42 G 7ER/NEL

ARMLI AT 5 B pR B AT 13 8] T, =367.5 h LA (21)

ATASEE 1 A JE U B A A A48 R 1) T 2R R
R, =eN+c, +c2Nf:" F(1),dG(1) =5 500 Tt

1A AR PR R R

P, =c3f [N=E[N(1)],]16(1)di=0 %

HM(e) =0.9 B ACAK(L17) /17 R(¢), =
0.9R(t),, FFIHEE ) B 1R B 4L 248 w26 2 4> A
BT SRR R K. AR 2 B TR /N RUICAR HL Y AT 5
JE R A3 3 T, =327 h fRA S (21) ATA355 2 44
SUY T 577 11 S L A4 A SR s 1 T 9%

Ty
R, =c,N +c, +02Nf F (1),dG(1) ~5700 JG
0

P, =c, fTZ [N-E[N(1)],]16(1)di=30 ¢

[ 34, AT 43 SR AR 5 3 4 A R0 T 5 1 4 4
RS Wt o R, =5 880 J6, P, =57 J,R, =
6 042 7, P, =81.3 I,

A BN AR BLIE A S 5 A~ iz 47 JE W, mT
K R(1)5=0.67,HI R (1), <k, MW, EB/NE
WK HILBE AT 4T 05 1 A 4 4 4% A 0 2 B A T 4R
B, 2Rt a AR AKX (24) 5A(25),
10 5 7E R /N BLWSCHR BIL 1 5 5 1 i 4 448 % 9% FH AN
S CAERI 43 51

n

c(G())=Y R, + Y P,=23290.3 3¢

L=1 L=1

T= % T,=1130.5h

L=1

Wi 2 5 FEAL/ N RO ATL 1 57 4k i 2 48 48 Tk K
S| A e et N O S S (B Bl 1 BN



322 & o Bl B ¥ iR

2020 4

g e T T AR O S R . xR HLA I 5
AR R PR S S AEE SR WS () 4 1 2 T RAE P R
s AT A 10 B /N BDSOR BL Y B 4E 8 A (£
15 4 77 0 A 4E A& B R O SF Al 3t 30 000 JT A2
A %t BT BT A A 2 4 %k 23 290.3 6, H
RS B BT 22.37% |, [5) Bt AR IE T /N AL ik
PRI IB AT A FEHE

SR T 5 U T B P 4 2 48 SR A AR AT ke A R AR
W B FH B A 801 T A e 5 A S 40 b 1 Dy kel
B, B AE A /N B0 3R AL 5 A A (] Y AT & R BR B
HE A S B 0, XoF T80 B 1 i 2 448 B R 2 500 AT
BN TR A BB N BRI REAS L, B
BAS AT 834 0 45 B, I AR 5 N =10, ¢, =120 I,
r* =2, u=1,¢, =250 5C, ¢, =400 5, T, =320 h,
M(1) =0.9, k" =0.7, [A]#E R F A SCHE M ) 930 By
PR 2 4 18 SR w10 S AR/ NRGR MLE T 4E 1
TEPRIE/N BRSSO AL i A7 AT SE PR T4 T, e 445 3
LA 1 B 2 A& 1 R B N 24 267.6 6, 535
Y% R W 1) LS O A LLRR AR T 19, 11% , 5 T
fERF K 1085.3 h,

4 g

(1) 3 3 5 1A B e i S8 P 5 0 £ U8 91 0k

figk 2R B — A Ab B i Ay AR O P 3 B TR A SR A
YRS B IR AL, T 38 A7 4 s B Al 47 45 G A Ak 3
fifp TR 1A [ 32 A B S A A A AL 5 W) R ) 22
S R AL, SR A S B DL

(2) X 35 J 4 4 A0 190077 4k 48 42 2E AT e, 1 42
YEAE AR Gk 5 B2 4 18 S g AR B T B X
TE A AL 25 10 T 75 4 0 4L 24 18 SRt o £ T s 1k
I R A8 SR s v 2 A A I AL A 2 I 1] J B A
BB R RE IR LTI T 4B A 4
18 N B350 Xof 99T By A o 2 A A SR 1 5 ) o i
2 AZA o A A AR SO Y AE B AR B A T
P B 4 A8 5 s X L Gt 04 S 4R 18 D7 5, e
T YR AR P ORI i AL JC ML A R A, 4R B
P BIFEAR T 22.37% 5 19. 11% , B HA #AE
PERIAT R0

(3) ARTOR W L BB 1 8 20 48 18 5K s v 2 2
JE YR 2T VAR N SRR SF AR IE 2RO B4R B
BT AR R S 45 b 0 SRR 20 A, R IE
AN AT 5E BE B {EL k7R 4EAE B HIL, ZE 48 i [A] (8] f A
SEAE 2 R AR AL KL, N T — 2 A R 4k
RIS I 58 38 A6 AR BIL 3 45 19 TR 1 A 2 4 18
BETY M 2 45 i ] A AL 258 & 4 18 1 B2 A9 ML
K

2 £ x #
(1] Eo7ss, Bkl R HUBE F 0 4E8 i 7 58 20300 5L A5 1R 218 Ja I i B B [T ] Rb MLBR A= 4R, 2003, 34(3) .

62 - 64.

WANG Wanzhang, DUAN Tiecheng. Study on reliability boundary conditions for periodic maintenance of agricultural machinery
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2003, 34(3): 62 —-64. (in Chinese)

ZHENG Wenzhong, CHEN Kaikao, HE Yong. Study on calculation methods of rational renewal cycle of tractors [ J].
THOMAS L. A survey of maintenance and replacement models for maintainability and reliability of multi-item system[]J].

TR YL & R SE, 2012,18(4) : 827 - 832.

YANG Yuan, LI Fang, HOU Chongyuan, et al. Opportunistic group maintenance optimization of multi-unit system under
WINR, BRIR B, BREBR, 5. BIEM XXMM PR ARSI MHEBMRMALT]. RELE S THA, 2018,
XU Sunging, GENG Junbao, WEI Shuhuan, et al. Dynamic opportunistic grouping maintenance optimization for series system
OKUMOTO K, ELSAYED E A. An optimum group maintenance policy[ J]. Naval Research Logistics Quarterly, 1983, 30(4) .
ASSAF D, SHANTHIKUMAR J G. Optimal group maintenance policies with continuous and periodic inspections [ J].
BOUVARD K, ARTUS S, BERENGUER C, et al. Condition-based dynamic maintenance operations planning and grouping.

SHAFIEE M, FINKELSTEIN M. A proactive group maintenance policy for continuously monitored deteriorating systems:
application to offshore wind turbines[ J]. Proceedings of the Institution of Mechanical Engineers Part O; Journal of Risk and

HORENBEEK A V, PINTELON L. A dynamic predictive maintenance policy for complex multi-component systems [ J].

VAN P D, HAI C V, BARROS A, et al. Grouping maintenance strategy with availability constraint under limited repairmen

(2] AfpR. BBy 4Efe s B m Bes Al (1], RO PB4, 2005, 36(2) : 153 —154.
(3] HAB3CHh, BRITH, M55, RURE4EE Ryl & B B s ss (], Al plla#40, 2003, 34(4) : 63 -65.
Transactions of the Chinese Society for Agricultural Machinery, 2003, 34(4): 63 —65. (in Chinese)
[4]
Reliability Engineering, 1986, 16(4) : 297 - 309.
[5] #oc, 8k, BEIL, & ETHXREMZHERGEILSRA LB RT].
dependence[ J]. Computer Integrated Manufacturing System, 2012, 18(4) . 827 —832. (in Chinese)
[6]
40(6) . 1411 - 1416.
considering dependencies[ J]. Systems Engineering and Electronics, 2018, 40(6) : 1411 - 1416. (in Chinese)
[7]
667 —674.
[8]
Management Science, 1987, 33(11) . 1440 - 1452.
[9]
Application to commercial heavy vehicles[ J]. Reliability Engineering and System Safety, 2011, 96(6) : 601 —610.
[10]
Reliability, 2015, 229(5) : 373 - 384.
[11]
Reliability Engineering and System Safety, 2013, 120(12) : 39 - 50.
[12]
[J]. TFAC Proceeding Volumes, 2012, 45(20) ; 486 - 491.
[13]

HAI C V, VAN P D, BARROS A, et al. Dynamic grouping maintenance for complex structure systems with non-negligible
replacement time[ J]. IFAC Proceeding Volumes, 2012, 45(31) . 79 - 84.
(T#% 448 TT)



448

Ko BLOW % MR 20204

[23]

MA X, HOVY E. End-to-end sequence labeling via bi-directional LSTM — CNNs — CRF[ C] // Proceedings of the 54th Annual
Meeting of the Association for Computational Linguistics ( Volume 1: Long Papers). Berlin, Germany: Association for
Computational Linguistics, 2016 1064 — 1074.

CROSS J, HUANG L. Incremental parsing with minimal features using bi-directional LSTM [ C] // Proceedings of the 54th
Annual Meeting of the Association for Computational Linguistics ( Volume 2 Short Papers). Berlin, Germany: Association for
Computational Linguistics, 2016 32 - 37.

YAO Y, HUANG Z. Bi-directional LSTM recurrent neural network for Chinese word segmentation[ M] / HIROSE A, OZAWA
S, DOYA K, et al. Neural information processing. Cham: Springer International Publishing, 2016 . 345 - 353.

RUI Z, RUQIANG Y, JINJIANG W, et al. Learning to monitor machine health with convolutional bi-directional LSTM
networks[ J]. Sensors, 2017, 17(2) :273.

K. HET Attention — Based LSTM AL fY SCA 7 8 HORMATSE [ D], H At - mU K%, 2016.

CHURCH K W. Word2Vec[ J]. Natural Language Engineering, 2017, 23(1) :155 - 162.

WOLF L, HANANI Y, BAR K, et al. Joint word2vec networks for bilingual semantic representations [ J]. International
Journal of Computational Lingus and Applications, 2014, 5(1) ;27 —42.

ZHANG D, XU H, SU Z, et al. Chinese comments sentiment classification based on word2vec and SVMperf[ J]. Expert
Systems with Applications, 2015, 42(4) . 1857 - 1863.

GERS F A, SCHMIDHUBER J, CUMMINS F. Learning to forget: continual prediction with LSTM[J]. Neural Computation,
2000, 12(10) ;2451 —2471.

SHI X, CHEN Z, WANG H, et al. Convolutional LSTM network: a machine learning approach for precipitation nowcasting
[M]// CORTES C, LAWRENCE N D, LEE D D, et al. Advances in neural information processing systems 28. Curran
Associates, Inc, 2015 802 - 810.

GERS F A, SCHMIDHUBER E. LSTM recurrent networks learn simple context-free and context-sensitive languages[ J]. IEEE
Trans. Neural Netw. , 2001, 12(6) :1333 - 1340.

(L#E 322 ,)

[14]

[15]

[16]
(17]
[18]

(24]

[25]

VAN P D, BARROS A, BERENGUER C, et al. Dynamic grouping maintenance with time limited opportunities [ J].
Reliability Engineering and System Safety, 2013, 120(12): 51 - 59.

AR, BRI B TR E O R RN B BN S T]. U CRE 23R, 2014, 50(14) : 62 - 68.

SU Chun, CHEN Wu. Dynamic opportunistic maintenance optimization for wind turbine system based on rolling horizon
approach[ J]. Journal of Mechanical Engineering, 2014, 50(14): 62 —68. (in Chinese)

DO P, VU H C, BARROS A, et al. Maintenance grouping for multi-component systems with availability constraints and
limited maintenance teams[ J]. Reliability Engineering and System Safety, 2015, 142(10) : 56 - 67.

HAI C V, DO P, BARROS A, et al. Maintenance planning and dynamic grouping for multi-component systems with positive
and negative economic dependencies[ J]. IMA Journal of management Mathematics, 2015, 23(2) : 145 - 170.

GENG J, AZARIAN M, PECHT M. Opportunistic maintenance for multi-component systems considering structural dependence
and economic dependence[ J]. System Engineering and Electronics, 2015, 16(3) : 493 - 501.

DO P, VU H C, BARROS A, et al. Opportunistic maintenance based on multi-dependent components of manufacturing system
[J]. CIRP Annals-Manufacturing Technology, 2016,65(1) ; 401 - 404.

HAI C V, DO P, BARROS A. A stationary grouping maintenance strategy using mean residual life and the Birnbaum
importance measure for complex structures[ J]. TEEE Transactions on Reliability, 2016, 65(1) ; 217 -234.

A, BRI BB TR IERM X PLRSOR SR [T]. R R (BB M) , 2016, 46(5) @ 1007 -
1012.

SU Chun, CHEN Wu. Optimization of condition based maintenance for wind turbine system considering economic dependence
among components[ J]. Journal of Southeast University ( Natural Science Edition) , 2016, 46(5) ; 1007 — 1012. (in Chinese)
TRARGR, SRATIE. T 5w G AT AR BRI I LA O AT AR IEAG (J]. THIT LA MU i &R 48, 2015, 21(1) : 180 - 186.
ZHANG Genbao, GUO Shuheng. Reliability evaluation of machining tool center based on competing Weibull model [ J].
Computer Integrated Manufacturing System, 2015, 21(1) : 180 - 186. (in Chinese)

Boe, Tml, WIS, . BT B ST R R A B G W EI DL AT SE SRR DR ST LT ] RALALBEST, 2019, 41(3) .
13 -20.

WEI Xiao, YUE Gaofeng, LIU Jian, et al. Research on reliability evaluation of combine harvester based on improved
competitive Weibull model[ J]. Journal of Agricultural Mechanization Research, 2019, 41(3) . 13 —20. (in Chinese)
BASCEE, BT, B, SF. kT ROM 55 T A B R AL FMECA J7 i bF 58 [J/0L ], ROl HLBR A4t , 2018, 49 (3
) . 332 -337.

HU Wenze, HE Ke, JIN Chengqian, et al. FMECA method based on fuzzy comprehensive evaluation[ J/OL]. Transactions of
the Chinese Society for Agricultural Machinery, 2018, 49 ( Supp. ) : 332 - 337. http: / www. j-csam. org/jcsam/ch/reader/
view_abstract. aspx? file_no =2018s044 &flag = 1. DOI;10. 6041/j. issn. 1000-1298.2018. SO. 044. (in Chinese)

Tk IR B, BN, . Logistic [ FhOR TR Pearson 5% 224l 11 77 ¥ 4RI [T]. PO RF 44 (BE24AR ) , 2015, 46(1) ¢
129 - 132.

XU Hao, ZHANG Tao, LI Xiaosong, et al. Calculating Pearson residual in Logistic regressions: a comparison between SPSS
and SAS[J]. Journal of Sichuan University ( Medical Science Edition) , 2015, 46(1): 129 —132. (in Chinese)



