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Operational reliability analysis of drive system of gear-rack climbing mechanism ship lift
JIN Feng
(Three Gorges Navigation Authority, Yichang 443002, China)

Abstract: Aiming at the operational reliability of ship lift, this paper takes the drive system of gear-rack
climbing mechanism ship lift as the research object, analyzes the impact of the number of faults and the time for
maintenance on the operational reliability based on the reliability theory and the statistics of the operation and
maintenance data of the drive system, calculates the operational reliability of the drive system and its components,
and proposes the following recommendations to improve the operating reliability. It is necessary to attach great
importance to maintenance, repair, optimization, and upgrading of electromechanical equipment such as drive gear
carrier mechanism, electrical transmission equipment, sensor detection devices, and fully consider the convenience of
equipment maintenance. The operation reliability calculation and analysis method are based on the number of faults
and the time for maintenance, which can accurately reflect the operation reliability of the ship lift.

Keywords: reliability; equipment fault; equipment maintenance; ship lift; drive system

THA AL MUK BT AN, DL g IR A ILIER B ABAT 2 ' Mk JH BLas 17 0]
AR K AL 25 B — MoE AT S, SRR R FERE, A BT R R O it 4R o A LY s AT
YR 5l 75 AT 3 Rtk Fe ik A ME T3 22 48 5 4 2 APEEPE, X OR BT AL G AR E 1B AT B R
TR KA TR L S, R BRI X,

G BT R AN E 2L, B TESEATHE S 12 17 al SE VRO 5T 05 1, A [ R
I A A 60 A THAR AL, ¥ 2 T Bz A7 vl e ST BT AR AR L N L 2% i I 5= AL R AR A
P . BRI i LSRR 2, e L2 0 PE A, TEEE T S VNI =k R [ i

Fs HEY: 2020-05-06
+HEHME: BRELMLTR T B (2016YFC0402007)
EHEEB N 2%(1975—), B, HAIRF, AFEMEAWBFTEPELZRHERIRT,



- 90 - K& L A 2021 4

Fror T R RTHERE ;I HeAED) LLAE A& ) B i [f)
FLE T 7 ai Y B Al SRR, Bt R T AR B S
SO RO ) ] S R S AR AR Sy K Bl R A IR T
R CHE B A, WK R E T Al S B G R
BITHISHLE) 2 A8 E 1847, A SCRLIE G Fe 147 4R T8
THATHHLIK S RGBSR R, MR A n] S LB
8, eIl T 4Ed Sk, ST IE RS
IBATAES R A RERR b, 2RSS BT 5 AL R R
IR FRAG A A5 AL IS [R) X3 47 AT 58 R ) 52 0, %o B
S W N B T TY 7 B R T
115 48 e B Bl R G A7 Al SRR R

1 BHEFEEARSETIE
1.1 &AM
W A AR MC T =X T M AL B4 A A R s R R

A B e SN 7 2 £
SR ST BIAY

EiIV R

MRS FRAT B 25 (— B8 4 8) - AL 3K
gy, W SIS i 5 AR, R AR 2
TETHIHUR B A5, BRIKSG 58 . &5k, UKl
ARG LA AL Bl a (3% e sl il ol A2 A
M XS RLAE) | LB Bk (e A
HEVTFCA T AT AE) | K IR FT AL (B
YRV FE A | S K T R LRSI LR S
SREENLISE) 1 | el shid s (S E el shd T
VBl 5 55 )« HUBR ) 25l (55 TR) 20 il ol B 3
v DR AR e Sk 2 i e ) A
FAEAF) | LRI B (TR R B AR
SR AR AR U Fe ey B L A ) AR A . A5 IR
WUk AL Bl S AT R [R] 20 i B4
(7 f 3 o AL AR ] 20 i S BT ] 20, 14 FE 1A 4
JETFA T LEK 3 R GE B8 A B A 1 R,

IR %
Al R
BRI 2l

L

..1‘_;, E'\...

G

Bl BEHRFEEHE

1.2 Bf7 AR
121 [EFBEfTikE

D) agh. B ekl I T,
%%ﬁ%mﬂ%%%ﬁ,%m%mm%ﬁMhﬁ
5, %Fﬁéﬂﬂ%ﬁTﬁﬂ@%mmMﬁ
GRS, B PSS B s 5
%%%%@w%%@,%ﬂ%%ﬁ@ﬁﬁiﬂ\
TR,

2)Hlsh. SRBh RS, Y S AL i
Fm, TAERI S bW, G ERD IS & 4 o 4
e, ML HL, R R BE B BE S,
TSR AL I R
1.2.2 MBI

IR B RE £y Bk B WUE A, REE K R
B YIRS R T 2O B R PUENLE RS, AR
SR IF I, AN EFREE, TAEH



%28 4 . FHE SRR XS IUIE S R GRiBAT T SEE AT =91 -

Shn e il shan e L, s bW, oK
SRR AT R Ak SRR T, S VR B BLAL 1) TR
TR, WA T R sh A, 59K R G
(1822 A AILAE) BB 5 — 0] % i) B 3 A6 U/ s T 28 5 4
I, AMRRBUE ETFHI LR L5 1,
1.2.3 AL RGBT

ML & AR, B TR 3 8% St
Ka bwEsh, BRI IETIREE, s
i L

2 RENRSEREEST
2.1 SRRV
FIFEVEIE AR B A TE FLAE 250 T R AE 1) ) 7Y
SERCHLE DI RE M RE J1, W SE T AR R B AR AT
FERE ., TRASTE R E I 8] Y A= IR 1 ME 5 Ry A ]
RERE, MR BT R AR
R(t) + F(r) = 1 (1)
K, R () R & e B I [B] ¢ N 9 ] 5E B
F(1) ABRAGTE R — I AR 5B Al .
N, N,
FU):XZ:AQ+Nf (2)
Ay NWBEBITIRBG Ny W& 1547 IEH I
B NOWBREE BT REL,

ORI VLA Z GE ] Loy A FCLE G A4 1) o3 9
AR, MTHiBK RS, dfikRg, Hals
&35 h

R(1) =TT R (3)

&m=1—HUf&UH (4)
A R(1) WREGWTTHEE, R (1) BRI
i A RERE
22 R RGBE ARG
THIEHLSE % 19 R 1T 5% 2 5 9 35 45 4 5 B0 A
o 1) B RPEHLBRE R R AR A LR
WA 38 A7 RO HE (8 5 2) 18 4% 0 I A5 A0
RIS QIR A e B AG 165 52 0 T 1] 57 7 3 A0 A ]
PUARD, o7 388 A FRF 150 1 TR BILIG 1 9R J5E DA e i A i
RIS A 2 A1 B AL T 388 IR A5 A IR 1] 147 %
P ST THIEHL T 3 4ERTH AGRIZ AT, I 3 4F
(IE AT L FE 1, DK 3 28 58 e 2% A 16 00 L
%2,
Fz1 ABILSITER

i [F] FE1TIREL O 368 5 ]/
851 4R 3 647 6214.53
W52 4 6 884 8 005. 25
i 34F 4 436 7 443. 12

R2 BIREHERQEERL

" LI R £ B R A A5 LA 8] /b

55 1A 552 4F 953 4F 514 552 4F 55 341
KB 15 46t 4 0 0 0 0 0 0
LI i) s 9 14 10. 10 0 0. 88
BUAL Bl 1 1 0 0 0 0
X5 A FEAHLAL 2 1 0 363. 07 0 0
Sy ke 9 1 0 4.88 2.22 0
B IR] 2L %l 0 1 0 0 13. 00 0
A SR T 4 20 4 4 0.55 0.85 0.65

2, ZFHHLEKEh R gt 75 R &4
PUBCRE, 5 86. 7% 145 i 22 HE A Rt Ak 2 A e sk
&, R AT B R ) 30 min, ASTHEBCRRE
SR IA] ;. AT 13. 3% A I B B0 455 FL 4G 16 st
[t 30 min, FRIHRABIFMN EL 396. 2 h,
2.3 I RS SEEIE

FEWL ., R I 3 B THIE LR 3 & Ge iz AT T

FEVE, BR T BRSNS R IR AL, I 0 A
ABASERLNT 1) 30 R A 8 452 AU I ] X6 T ALz 15 7]
SEVERYSZORRERE AT AR RICA B A B 45 AT IR TR
HARL R

N;=N,+N, (5)
s N IR U (RIS 7 0 AT i B )
N A BEAS R UK (BIMSEALECRR RE) 5 N ol



92 - K iE L 42

2021 %

BRI WA RO L, HA N

N, (6)

X Y T RS AT BT ] T A 5
MUEFTE] ;. N OAEATRRE (B s 7R E) .
HIERX(2) . (5)FI(6), A3 AREEE

WHE(7) e 1, 2 B8, Ik R
AR AT ) RS (1) 15 1 451
FRTEERE L3R 3,

R3 BHREEDGARE

- ANPIRERE /% AIEERE 1%

' 1 F o2 4F o3 4F 51 F 552 4F 453 4F
WK e 5% 0 0 0 100. 000 100. 000 100. 000
AL 0. 409 0.116 0.327 99.591 99. 884 99. 673
HLIRAL ghe & 0. 027 0. 015 0 99.973 99. 985 100. 000
XS e LR 5.572 0.015 0 94. 428 99. 985 100. 000
AR R 0.325 0. 042 0 99. 675 99. 958 100. 000
HILAH R 25 0 0.177 0 100. 000 99. 823 100. 000
A ERAG I 5 0.557 0. 069 0. 099 99. 443 99.931 99.901

WIRIK s RGNS, BT TR, ARREL LT,

HOM A B R 48, Al 2] AT 5 P 12 SR HE K]
mE 2 s, R (3), HAlfgitm a0y, 3 #EiE

R(1) =T R(1) (8)

|
BB 5 (1)

UL (2)

HUAAL 3% (3)

R EFTAEIE(4)

LA HBEES)

BRI h(6)

IR 5 7 (7)

i

B2 Rah ARG EEEEER

S, FEARRe T SR TE T T AR HLBK 3 R 46
T 3 AEMAE AT AT SEEE 40 R 93.189% . 99. 568% |
99.574% . %5 2 AERYIBAT AT SERE LA 1 AR KR
A 3 AR IS AT AT AR DL LG AR 2 AR RS A
R E B RGN E 5 58 8% M fT4E 9 2 50 1)
AW R, K3 RGBS L TR, HoRR

1) AR SO B2 145 48 245 25 e T =X THI BILAK 3 2= 42
)P ATL A 32 YR 50 RI 3L 3 A A8 A5 F B[R iR A 7 2555 o
Br, T HAE T TSR, 5 TS L R v R
I AT AT HEBETHRME Lh, RETE A o ff b S s A%
M AT Al SEPE, R T S s AT AT SE TR T O
WrRA—ENSHME.

2)iZIHEHLE $iz 3 AE 2], HIKEh R4
BTV SEREBAE BTy, A5G A 4 A i S I AT AR
PERJEMAL, I RGN Tl FEEC IR BB
K TRGE,

3) ZIHHIBLE A 1 4F, I RGBTl ¢
FEAAXTRAR, 3228 )t PR R OK Bl 4 S FE AR LG SR ML
WA R, H R, S A5
W, AR AR R SE 3, 5 3 4RIK
HRGAR R AN AL R, TE 4514 20 e Tt
XTHIRHLIR 3 RGE it At s 1T B B,
N e B TR S 1A e FE ARG S LA 25 0 AT Sk
[, R 785375 SRR s R B (R

(T#% 136 1)



