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Begin

For k: =0 to bigM do
For s:=Sto 1 do

For n:=1 to p; do

M(s, n)
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End
End
if ( N
Break
End;
End
2
2.1
[11]
[11]
10000
C# s
RAM 16 GB.
1000 . ,
, 2

8
i_/
H
L
05 1 1 1 1 )
0 10 20 30 40 50
ZtFzE A
3
4 $=10, B~0

0=0.05

[11]. 5
0,
0.707 —— PRI BEAAT
s 0.67f . .
=
<:/
37
£
0.58 1 1 1 1 )
0 200 400 600 800 1000
4 (S=10, B,=0)
12000 oo Wi 1 -
1000F W3 2
g — == ik 3
£ 800F - ks
:E‘ 600 F = R 5
H 400}
#
200t =
0 . . . . . : .
0 100 200 300 400 500 600 700
S A
5 (S=10, B,=0)
1 (MSC)
(NE)
1 2 min
5 5=3 5=5 S=10
MSC NE MSC NE MSC NE
0 067 0.16 158 028 324 059
2 067 0.6 157 027 328 058
4 067 0.16 155 028 329 058
6 067 0.15 157 027 327 058
8 067 0.15 157 028 326 058
10 068 016 156 027 326 058
15 070 015 157 027 323 059
20 066 015 156 027 323 0.9
30 065 016 156 027 325 0.9
50 065 016 156 027 329 0.9
0 067 0.16 158 028 324 059




60 2019

> . S$=3 S§=5 r
5 s =3
2.2 7
2.2.1
w2y {ps~=3} ,
. 6 2 ,
, . B~=0, $=15 , 1(b)
) r 1.16, 7(a) r
(1.03). ,
1.7 F eI TS EEEE
|= '."‘.,.-.“* . R ey
B 5T 9%, &7
R R Llr
= § A¥ --4--5=5
‘Eq-ﬂ\q 1.3 -:/4) ----9----S5=3 -—— - -=-5=5 - =A==S=10
L —-A==8510 —-4—---5=15 1 ————5=15
1.14 L 1 1 1 J
0 10 20 30 40 50
ZAEZE A
(a) {p=2}
N P 0.9 I ! ! | |
PR QI :} 0 10 20 30 40 50
~ 8" e-mm T T, - oIS PPN
T: 24_—'..-." B e ‘-_'_:_—/"i‘.___»-——" A2 0]
[ OV S e @ 2}
< A7 12
i [ enoss
;‘LH 20_:';* - @---- §=3 --4--55 —=Amo- 5510
4“ ——A-= 8510 —- o ---8=15 L1 ————5=15
1.8 L : : . - ~ A
0 10 20 30 40 50
AR WA
(b) {p=3}
0.9 1 | 1 1 ]
6 0 10 20 30 40 50
222 AR A
o (®) {3}
3 , ;
Ds 2 Ps:3
: r 3
T =m
— th|{ps } , m:2’3’ (3)
T‘th |{ps = 1} xm ,
tr
, r>1 ,

@) (®) r ,



61

(1]

(2]

(3]

(4]

Li J, Meerkov S M, Zhang L. Production systems
engineering: Problems, solutions, and applications[J].
Annual Reviews in Control, 2010, 34(1):73-88.
1. (

), 2015, 49(5):702-707.
Gu X, Lee S, Ni J. Hidden maintenance opportunities in
discrete and complex production lines[J]. Expert Systems
with Applications, 2013, 40(11):4353-4361.
Zequeira R I, Valdes J E, Berenguer C. Optimal buffer
inventory and opportunistic preventive maintenance under

random production capacity availability[J]. International

[8]

[9]

[10]

[11]

[12]

Journal of Production Economics, 2008, 111(2):686-696.
Nahas N. Buffer allocation and preventive maintenance
optimization in unreliable production lines[J]. Journal of
Intelligent Manufacturing, 2017, 28(1):85-93.

[J]. ,
2014, 20(6):1379-1387.
Alferi A, Matta A. Mathematical

formulations for approximate simulation of multistage

programming

production systems[J]. European Journal of Operational
Research, 2012, 219(3):773-783.

Abdul-Kader W. Capacity improvement of an unreliable
production line: An analytical approach[J]. Computers &
Operations Research, 2006, 33(6):1695-1712.

Sarvar M. Modelling of multi-stage production lines with
Journal of

maintenance operations[J]. International

Computer Integrated Manufacturing, 2008, 21(4):396-406.
1. , 2016, 22(5):
1296-1304.

[J1. ( ), 2017, 30(4):1-5.
Xia T, Xi L, Zhou X, et al. Dynamic maintenance
decision-making for series-parallel manufacturing system
based on MAM-MTW methodology[J]. European Journal
of Operational Research, 2012, 221(1):231-240.

The approach of modelling and simulation for serial-parallel production

system under machine failures

HU Tao, ZHANG Yue-jun*, FANG Zhi-mei, LIN Wen-wen
( Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China )

Abstract: To address the inapplicability of capacity evaluation methods for the production system, an approach
to model and simulate the serial-parallel system based on the machine-state cycling is proposed. The machine
state includes production, wait, idle and preventive maintenance. The production system is driven by the

machine state cycling and the WIP number updating. The numerical test indicates that the present approach has
the similar performance to the next-event simulation approach for the flow line, but the efficiency is much lower.
While extending to the serial-parallel production system, it shows that the marginal impact of buffer capacity on

the throughput diminishes. It is better to increase the parallel machine number in each stage when the system has
larger stage number and smaller buffer capacity.
Key words: serial-parallel production system; machine-state cycling; maintenance and failure; simulation



