o4 K% 28 HFFEEHRT L Vol. 4, No.?2
2021 %4 A DIGITAL OCEAN & UNDERWATER WARFARE Apr., 2021

T s AR LI A DL D5

®OR, ERRT, % @
(R XAEARBASAE P, #d &KX 430205)

i OE VAR EEEREB T AL ENEGRATMES TR T RTRANRE, MARFHN “Ei”
T HEEG T ERERABAARFEL, RATHAET BT RIOES, #HESENTHEESE T UA
HEMAEB R R RA, AR &4 herR, 2T T8 NFR) 8 BA R FE o0 f frn 0ot 87 & R FF B 4
M, AT HEEGEHEEHRTLEAR, LHHESFETMGTHEECHN AL, # 2T EEGE Y &
fr M G R MER, AERNA, CAFRAITHEREREN 2 H2HNETARERTEENTH
GEBERAPEATURBES RN S, BREGRERR, VA REGRER O T E, FrEFA R
THHIRARFETR G HEBGEA -2 FE L

KER Mwmikg; MEHEES; Fagnitik

FESES U672 XHAFRIRAD A NEHRE  2096-5753(2021)02-0143-05

DOI  10.19838/j.issn.2096-5753.2021.02.012

Research on Preventive Maintenance Cycle of Mechanical and Electrical Equipment
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Abstract The break-down maintenance of mechanical and electrical equipment brings a great waste of
maintenance cost and man-hour. Unscientific "timing" preventive maintenance not only cannot solve the problem
effectively, but may bring new maintenance to the product. Determining a reasonable preventive maintenance cycle
can effectively reduce the cost of maintenance resources. In this paper, according to the characteristics of mechanical
and electrical equipment, and based on the widely-used Weibull life distribution and Bayesian conditional probability
analysis, the influencing factors of preventive maintenance are comprehensively studied, the suitable objects for
preventive maintenance are identified, and the preventive maintenance cycle method and preventive detection
maintenance cycle model are determined. The research shows that the 2 preventive maintenance cycle models
respectively based on failure rate and reliability determined by life statistical characteristic data can effectively guide
the implementation of preventive maintenance, reduce the cost of maintenance resources, and provide scientific
methods for preventive maintenance. The preventive maintenance cycle method determined in this paper can help
engineers to carry out preventive maintenance.

Key words mechanical and electrical equipment; preventive maintenance; statistical characteristics of life

R Yl T S PR A IS P2 B S X O 20 2
- WERO B A AT NS | BT R R G . TIPS
HEAE TG SN B S RELRI I8 WTORIIRINE gu  A HEAT TB REAG

Wk HIW . 2020-12-03
fEF I FEME (1985-), 5, @it, S TRN, RZMAFTEERS TRIFR.



- 144 - BT HRT A

%4k

il FARFFAE AL AE B BACIRES , BRI PR RUE, B
TARIR . —BOkUL, PR PEAEAE 205 F Tl m
SR B E BT OO o L RITHILERL 7 ot >R R 99 75 1
A T R A AR R ™ H A AT R 1
i, s fl R, 257 Ay P A i A7 i
AR ol S 4 (HBEE BUACAL AL B s M REAR T M &2
ZRPEAN W = i, X A AR 5 20T AN RE 52 4 B 1L
B4 A Az, B B S ARG R B 4 0, FE T
e rh iRk, B R A A,
AL SEPEKOP A REAS B4 R W R e 4
& T BB TR 7, 4EE 9% 0 2Us b
T, B B TR R TR R 2k
— b U B AT AR R R 7 i A O BRI K B
— 5 i JEE BT A LT B — S K B T )
TR AR Y, A7 AT LA — e AR L AR
YA A | I 3o L Y o SR A, R
YA A SATSIE AR R A, AR 9% A - 1B B IRATS TH AR XS
Bt
“PARTEEPE DS L 4R (RCM ) 1473 B 2
7 U B, RORAR & 1 B M 4R 18 Y A%
AR AR A A R RCM gL, 5 B
SE A5 T B4 ARG B 6 J S0 RE A A 2 1 BT IR A
TE AR ™ it B A T R AEAG A Y [R] R, FRA 7
i B TSP ZE Ko PIEAS SO RCM 2
fifl, XSHLE = Gl O BT PEAEE AT 0T 5T, DIDIDAHL
HL 7 i B A S I Bl

1 Fapn S xt KA E 5

S TR LR X R FRR, B LA R S8R Bl
() b Tk DA D > 38 ) 2 258 3 o e P ] 444 o
BT, KRR AR S ARG o DR Rk
WEAR CRIANRTFERE ) b Tk 21— 5 v JBE i o oK k2R %
RO, IR S © 28 Ak T e e AR A Y TH AR
7, EEVERLAS B T ORRE . T =S RO R A
THSREZ NI SRR o 78 TR H
ZHHL T i SR A FEA AR PR AL, H R
AT 827 T LA B DA JEATS 7R 53 A1 o A ST P A 7
AR A TR F A (14 73 i S0 A o AT ZR o0 Af Y ] R S
PR R (1) IR FT7R

()"

R(t)=e « (1)
Kt m HIERSEG 10 HOLESEG o IRE
ZH
AT IR A AT AT AR R BCR T R LA B
B FR AT FF A AT o AR B IR A R PR (R A
R IR T )5, e AR SRS ms o] « N
B AT SEPE S A RIC N R (AT). BRAE % EE R
Zenk BRI R T J5 A TS SRR R (4T)
TR A8 FH 2o B R A AT 55 R ST ] ¢ P 1 AT
PR R (1) 2, S BIRE N £, RI:
_R(|T)
R(t)
AR & B9 IR/INAT LU W L 3 B e 448 i
AR AL
WRPEAER A, WTHREEAAER R (4T)
ET

(2)

t+T—1)"
exp( )
R(T) Rg&?ﬁ_ T“ — (3)
exp(_ ( _0:0) )
FrlA, ARAE=C (1) — (3) A1 LB REK k-
exp(- LT =0)")
k= « (4)

exp(— (r _to)m;' (t—1)" )

MAEERSE m 7355 T 10 KT LRV T 1
REAFR TG RRE FB R % 58 L 9] R B K
No TETRESCBRI A, AR fe MRIE
AT 0, HOREN B SEL 16=0, XIS EURAT /R o3
MHEAT M. I TS RERE T S B0 IR 5045

1) MRS E m=1 B, OIS k=1,

WS BB A 55 TH A e v S — A, R 4
A [H B 0 33 B AR AR T8, IR 3% T TH
o TARSE m=1 WFEmGEItrerE, Shr 2%
RORE T WM IR, X2 R ZHH FIT
T IE S e tE . T, T OnaH AN TR Eil
AN IZ AT 0 T S 4G 1) T B 44

2) MRS E m<1 BF, HHIZE k1,

LB TH B4 LB 14 vl S g, B ko



BT AGor

o GG AL R & TS b S A R -145 -

e Sl T B R] A4 TH A T S e S T B L T
WSE m /ANTF 1 B R A, T ooae
2 S AR SR (9 75 i 20 A RS P Sf AR AE IE W
IR AE T e AR, (T A a0 5l SE4: LB
el B, IS TR A 7 10 i I e B 18] T g
e B AT I e 2 M B IH AR, SRR AR
TAFE R IR ARF

3) MIBRSE m>1 0, IS E k<1

S R T P B T SR LU IH B v o 2R T3 s
PERGFERIF, Pt me 2T WAt G | 2
01 B M 0 S0 B 48 A5 T A B X 42 X TR
WA “HIFROET . T ILAH R IR L 3
P ATIE . WA dERLAR . HLOLAS . IS
55, HUBRESH I 0 1R | IRERAR | T 2ER
Lz shFPFAE , HAF S R RSEOR T 1 B i
IRIIAT o X T BT W R TUAR S, R
BORC A EL, Wl N ]R3 s A, XX
RAGANIAT IR PELEAE o AN id e R G T ik
EARERBINIUAR NI, LR G E 2B N
FETCREH PRI B R I ITAIRES

2 Wpn R4S EBNRET

T Ts A5 AB Xk G 04 S A, ) 6 B A A A
WA UEEIENE ] . B 4E AT, al LA
TN, AR A SRR KU, R AT
WMo, A, WHBITIEA

1) EHMEL .

X Fif 5 3 AR AR N B sl e S A
W RS A RIDRE A2, AT LE e LR S B X
ol XL 45 F1 T 5 00 3 7 2% I 3 T A o 114 45 AL 7 S5
ISR TIN5 95 FRERE TR BIRLE AR AERT , B B
WLEE X G2 0 S 530 o S H 0] A e S B b S i e
JE RN AR o b Je SR A A9 5 PR AR
WURE S 5 AR AR At — 4t R, B S 45
PR EE AR 2 — 2 SRR RE ] DL AR 2k, X
AT PR S R AR A A 2 FE R

2) GBI

LTI AEAE X G BRI n] IOWLEE 3 A4 1 1 e e
NICR BT B SRR, RBEH R AR argtit

s, BEATH T
JE N A e R S A 2 o

Zn:ti
r=1= (5)
n
i(ti _;)2
O_Z — i=1 1 ( 6 )
n—

A 4 RE @ ADERE AR SRR
HEE .

20 MBI B 428 5 A B v SR R B A ¢ A
J2 o I, Al it (7). (8) sREMIERS
Bom FIRESH a.

E%&aﬂq (7)
m
= 2 1
o’ =a"[[(1+=)-T*(1+)] (8)
m m
Ap, T (x) AT EEL

Hor e g%k T A LU T g AT

T

[\
142 (1+T)

r)=—][— (9)
Fia 1+ %)
1
R B 1 1) gl AT R 23 A5 S8, R4 7 1 Tl
A ) 2 ) B ASE A SR W AR A HE A 7 9 R A
P A P 00 B PR RS FA I A SO B A e R
PEFIWT, J5 SCRFFE TR N2 222 DL o SR Al

3 ETHEGGIHF R TR 1 N 4 (& F

HARE Y
3.0 AERFER R NILEE R

AL £ 06 100 107 LA 2 38 3 B ] = 7 Ay e
) S A5 A P 1) S A PR, 2 2 2
SRR 5 R PRHTE 2 A i o
5 AR R A 7 R ) T A
Bl W Ty B R R -

20 (1) = 2(t|Ty) (10)

1 20 (1) FHUE BT 55 FRE T I] ¢ 1F A 2 30 1Y
FORME; AG|Ty) JTE TR 23 TAE R Ty &0 F




146 - HFiBFHRKT G

%4k

TERLAE AL 55 FRREE T ] ¢ I A 2R 3003

X BARRBURF LR ERAE , n] UGB RS HL
m KT 1 PSR IR oA KA i

WA RO B R BR A TR N -

0= 10

a o :ﬂ(L)m—l
a o

(11)

X T 45 58 R AR A3 Ty) B AR A5 9 )FIC 10),
O A Ay S R 7o AT DA R =R

m t+]—b)m—l
_ﬁ“(t+]—é))_g a _ Z+TE) m—1
== m Ty i S
a o

3.2 AEEERORNEEFRER
G I 24 16 ok T e JED 01 7 LA R RIS A AT
SR A EN] o Xt T a] A A 45 00, AT SRR L
1155 AT SR RE A HEN, A AEfE s e A3 T, T
KHE
Ry(t)=R(|Ty) (13)
s Ry (1) AHLE MR 55422 (8] ¢ P 0% AT 5 B2 1Y
SEORAA ;s RO|Ty) WAETCHE BT TAEN To 00 F
FERLRE AT 55 FREE T a) ¢ DI AT 58 B
X B FEI AR R W LA R IR S8
m KT 1 WS BB IR o3 A Rk o 2R i)
SEIE RG|Ty) BiE LU, HoE it A A0 7w
DL R R
exp(- )"
RUT)=—2%—=

eXP(—‘f;J

_+R)" T,
a

exp( m) (14)

4 NFAERSG

SEHLH = S AR RSO B BRI R 415
ZJa, FREETAERE] 2 200 h Fil 250 h B HAE 55 AT
SEREHIAMET 90%. 95%. 99%. K T Hipi
SRR IR, W T 50 NAFaEE. YT AR

PERRE, HIF A oAl 56 42 ] LU B 2R A U4
DRI SH B 8 A AR A 8 P 2 i I DA S A 7 23 A, 4]
W i 1 800 0 2 2 AR A A AP ) 977 P A A
Ji . EESHATRERT

N
t=1=1 =1405.39h
n
Z (ti - ;)2
ot =12 =2.53x10°
"

FIHAZ (7). (8) k15
m=3.05 o =5.62x10°
FIHZAR (14) 53] T,=551 h B, FFLefdiH
200 h BYAES5 AT SERE K 90% . i AT LK & 1% F
FiAE 55 ZER T By FLB A DU 5 84 551 ho
[, AT 35545 2 A A 552K T i 5 o A i
JARH, sk 1 FiR .

R 1 N[EMESEL B F0 AT 52 5 2 R B9 39 B 46 ) 2 HA
Table 1 Corresponding preventive maintenance cycles to
different task time and reliability

P ARG EEEEM RSSO AR R /b

1 90% 200 551
2 95% 200 393
3 99% 200 148
4 90% 250 501
5 95% 250 343
6 99% 250 98

ME 1R 1] LUE B, AR AT 55 i) R) 244
T, BRI R AE R R, DU B A S A A, X
) TR AT BB R A7 — B0 o 24 R [ B 4 ] S
s WA 55 B (RDER S, BB R 4 45 B[] 475 22 35 3
[ERAE TR v | o ST E TS e =S D ITA )
T o7 s ) ) B R

43R FH L AT 5 BT R 1) — 6T IO 114 i
Fisk TEa] A Ay o 7 000 S BU 1) SRE M BF, 6 A2 200 h 23K
2| 90%MY 11 55 P 5 BEBOR B, 7 #1200 h L2 TF
WG REI , Wi 200 h /N T 551 h, R AR
WK 2 RAIGINAEAZ AT, 15 AR TR A TR 3%
W RIRAE A AT RE S R AR L R R B
R



%28 R OA, F: ATHEEGH

o GG AL R & TS b S A R 147 -

0.99 ———
0981
0971

0.96f
# 0.95¢
B
094}
=4

0931

092}
091

09— . N

100 150 200 250 300 350 400 450 500 550 600
FUF R S 41/

(a) 1145 FF1R1200 hAS [l BT 458 FE %o v 98 0 o 600 ST

0.99

0.98

0.97 \\\
0.96

#0.95

it

= 0.94
0.93
0.92
0.91

0'950 lIOO 150 2(I)O 250 360 350 460 450 500 550
TR A 4/
(b) 155 A (01250 s 7N [i] v 4 B Xef 7 Fr) T B3 A6 ] 44

B 1 AEME S B 8 T B9 AT S A A R By TR A4 ) ) 2R
Fig. 1 Corresponding preventive maintenance cycles to
different task time and reliability
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Fig. 2 Reliability curves under different preventive
detection cycle strategies
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