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Recession Evolution Rules and Multi-objective Decision-making of Packaging Machi-
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ABSTRACT: The work aims to improve the service life of packaging machinery power machine. The environmental
factor and adjustment factor were introduced due to the influence of external environmental factors and the internal re-
cession on the work of packaging machinery power machines. Based on the recession evolution rules of internal and ex-
ternal factors, a multi-objective optimization decision model with steady-state availability and average cost rate as goal
was established. The effects of different environmental conditions on preventive maintenance intervals were analyzed.
Then the strategy of dynamic prevention and maintenance was studied based on optimal preventive maintenance intervals.
The numerical example showed that the recession evolution rules were reasonable, and the harsh environment accelerated
the decline of the equipment and drastically reduced the preventive maintenance interval. Considering the influence of
environmental factors has practical significance for the maintenance of equipment. It is important for improving the
steady availability of equipment and reducing the maintenance average cost rate to provide a good working environment
for the equipment.
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Tab.1 Estimated and relat:d evaluation parameters value of numerical example simulation
W5 SSE(x107%) MSE(x10°%) RMSE(x10™%) R-square I
g1 6.571 019 56 6.571 001 956 2.5634 0.9915 186.4
W2 4.939 950 76 4.939 950 76 2.2226 0.9600 470.4
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Tab.3 Numerical example results of optimal preventive maintenance time interval
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Tak Ay Crk Tk Crk Ay T Ay Crk
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Tab.3 Environmental impact factors in different
environments
BB LB FHHT &
R4 1
BWEAL (9k+1)/(5k+1)
& 2.5

AFEIRBE S, S BB 45 ik ) e b9 7, WL 18] 8,
MBS Fpal LU e 3 FhERIE T S L T B 4k 47 i 1] 1)
BT 12 A S ), PRISE R A1 B0 B DL T8 By 4 4
[ENELEE S S E N AR R (S S SEP O NN
[ PREE S R BOR T, 45 (Y R3S B I T By 24 47
Fsf 1] i) B TR 4, T MIAAES 1 AT 4 4 S )
HENERE 2 AT EIART , X RIS FIARBE R
95, e B D ) ) Bl R A L, R O
FR T ) 24 47 A P Bt gy 3 HILIE W as 4T, X TCEERE I T 4

150 H45!%5145

RN i
L_lz#isit

120 L

90 H

60 H

SR T 5 A4 B [ 1] B

30 H

TR AEd 5 W1k
Kl 8 AN[RIFREE T R DL TRl 47 s ] 5] s

Fig.8 Optimal preventive maintenance interval
in different environments

PAS, BRI T ARSI s X B HREA R =,
B BIERIEE A T B TR IR & s ), R EE
LT Ak P U I T 84 i i L T, i L e (e 19y 4
PRI BR AR X o 25 b, NSl S LB A
R 18 A 3R 506 i g HL A 2 i A AR 2 12 A
WA LrAL

5

SCrpE GBI T, AL LR Eh LA
PRE IR R, SIAPREE N T, 1275 JEFREE N Z X
B Sy AU IR AR R i ) Sk b, s — AT AT
FHEZ S R AN A R AR 2 FAR S A PR AR
F Ji 10 A MR ) A R R A PR R, 45 B4 S
PR LTI e3P N ) LB, [R]E BAR e T AN R 2R
S5 IR0 Bl 7 (LT 75 4 3 ok 1 T Bl B 52 S8 45 B B
BEo i S B ML LR R, X AT &3
FIHUAE SEPR A T R P i 00, 96Uk 1B R A7
P, B e AR AU Bl Ty LA 7 i R ol Wi i
PR T RIS SR

S -

(1] FhGEEk. HeT 9% -0l T 2 LB o 4818 f Bt

TP %] HUBRBEE S IHT, 2015(2): 146—149.
SU Zhi-yi. Maintenance Support Plan about Mechani-
cal Equipment Based on Cost-usage Availability[J].
Mechanical Research and Application, 2015(2):
146—149.

[2] WANG J, ZHANG L, DUAN L, et al. A New Paradigm
of Cloud-based Predictive Maintenance for Intelligent
Manufacturing[J]. Journal of Intelligent Manufactur-
ing, 2017, 28(5): 1125—1137.

[3] XIN L, WEN J, RUI Z, et al. Study on Resource



+ 192 -

(-

2019 42 A

Scheduling Method of Predictive Maintenance for
Equipment Based on Knowledge[C]// International
Conference on Intelligent Systems & Knowledge En-
gineering, 2016.

HUNG W T, TSAI T R, CHANG Y C. Periodical Pre-
ventive Maintenance Contract for Leased Equipment
with Random Failure Penalties[J]. Computers & In-
dustrial Engineering, 2017(2): 76—83.

NAHAS N. Buffer Allocation and Preventive Main-

tenance Optimization in Unreliable Production
Lines[J]. Journal of Intelligent Manufacturing, 2017,
28(1): 1—9.

FiEE, BRA, BN, =808 R B ETE &
g5 AT AR R T AL PR 9] ALAR S T
2015(3): 78—80.

WANG Hai-tao, CHEN Xing, DUAN Fei-fei. The Ap-
plication of Three-Parameter Weibull Distribution
Model in the System of Reliability Evaluation[J]. Ma-
chinery & Electronics, 2015(3): 78—380.

MALIK M A K. Reliable Preventive Maintenance Pol-
icy[J]. AIIE Transactions, 1979, 11(3): 221—228.
NAKAGAWA T. Sequential
Maintenance Policies[J]. IEEE Transactions on Relia-
bility, 1988, 37(3): 295—298.

A, XISAE. PR PR AT R 5 AR e I M 4 1 1 OR
WEATH[T]. SEit S5UK, 2016(2): 52—55.

ZHAO Fei, LIU Xue-juan. The Strategy Model of Pre-
ventive Maintenance of Two Components Repairable
System[J]. Statistics & Decisions, 2016(2): 52—S55.
VICTOR C. Degradation-based Reliability in Outdoor
2001,

Imperfect Preventive

Environments[J]. Unpublished Manuscript,

[11]

[12]

[13]

[14]

[15]

[16]

27(3): 159—170.

ADAMIDIS K, LOUKAS S. A Lifetime Distribution
with Decreasing Failure Rate[J]. Statistics & Probabil-
ity Letters, 1998, 39(1): 35—42.

NELSON W B. Accelerated Llife Testing-step-stress
Models and Data Analysis[J]. IEEE Transaction on Re-
liability, 1980, 29(2): 103—108.

RYAl, FAM, B, SF B R R T A I
F A R N HIFFE (7). 264305 T2, 2016, 13(4):
88—91.

WU Ying-wei, QI Xing-lin, Cui Liang, et al. Calcula-
tion and Application of Environmental Factor of Wei-
bull Distribution[J]. Equipment Environmental Engi-
neering, 2016, 13(4): 88—91.

BINDER K. Monte Carlo calculation of the Surface
Tension for Two and Three Dimensional Lattice-gas
Models[J]. 2016, 25(3):
1699—17009.

MRS, BBRA, S5E. EREERERAY S
Frechet 734 S80I IR RAUSRAK 1T ], o7 A=
411, 2017, 33(3): 310—316.

ZENG Lin-rui, TANG Yin-cai, DOU Wen. Approx-
imate Maximum Likelihood Estimation of Frechet

Physical Review A,

Distribution Parameters for Missing Truncated Data[J].
Journal of Applied Probability and Statistics, 2017,
33(3): 310—316.

B, BOL AT THECE 2 BOM]. deat:
1 AR HOR R, 2012,

CAO Jin-hua, CHENG Kan. Introduction to Reliability
Mathematics(2nd Edition)[M]. Beijing: Higher Educa-

tion Press, 2012.



