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Production Rate Estimation of Series-parallel
Production Line with Multiple Failure Modes
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(College of Mechanical Engineering, Tongji University, Shanghai,
201804, China)

Abstract: An analytical model was proposed to estimate the
Each
machine has both operation dependent failure (ODF) and time

production rate of series-parallel production line.

dependent failure (TDF). Machine states include operation,
ODF, TDF and ODF&TDEF. First, the machine states space
and transition relations were defined. The two-workstation
line performance evaluation method was established based on
discrete state Markov chain, and this method was used as a
building block of the decomposition method. The whole line
production rate was estimated through iterative calculation of
the decomposition method. In order to improve the
efficiency, a set of parallel machines were replaced with an
equivalent machine. Several numerical examples and an actual
production line case were carried out to demonstrate the

accuracy and efficiency of the proposed method.

Key words: production rate estimation; series-parallel

production lines; multiple failure modes; Markov chain
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Fig.1 Configuration of series-parallel production lines with multi-workstations
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Fig.4 Decomposition process of production line with multi-workstations
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Tab.2 Configuration and machine parameters of

numerical example 1

Ifi

1 2 3

Hlass 1 2 1
y 0.11 0.07 0.12
P 0.01 0.01 0.01

71, 1 0.5 1
D2 0.01 0.02 0.01

72, 1 0.5 1
P3i 0.01 0.01 0.01

73, 1 0.5 1

T4, 1 0.5 1
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Tab.3 Configuration and machine parameters of

numerical example 2

Tor

1 2 3 4 5

Hlas 1 3 1 3 1
i 0.1 0.03 0.1 0.03 0.1
2 0.01 0.02 0.01 0.01 0.01

71,i 1 0.7 1 0.8 1
P2, 0.01 0.02 0.01 0.01 0.01

72, 1 0.7 1 0.8 1
Ps3,i 0.01 0.02 0.01 0.01 0.01

73,i 1 0.7 1 0.8 1

T4, 1 0.7 1 0.8 1
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Tab.4 Comparative results of numerical example
1 and 2

S1 Sz Ei/% S; E/%

B 1 AFEE 0,107 88 0.107 91 0.027 8 0.107 12 —0.704 5
B2 AF=# 0.094 51 0.094 61 —0, 105 8 0,094 97 —0, 486 7
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Tab.5 Configuration and machine parameters of numerical example 3 to example &
BB 3 H) 4 B 5
S=[1 2 2] $=[3 3 3 3 3 3 2 2 2] s=[2 2 2 2 3 3 2 2 2 2]
Bi=2,i1=1,2 B;=3,i=1,-+,8 Bi=3,i=1,+,9

‘L:[l 0.5 0.5]
p,:=0.1,i=1,2,3
n=[09 0.7 0.7]
ﬁz,,':o.lyl‘:17273
r,=[00.9 0.7 0.7
3,i—0.1,i=1,2,3

rg,;:rz,;,i:LZ,B

r4,i:TI,i,i:17273

p=1,i=1,%,9
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= {O. 8,1::1,'“,6
’ 0.9,1=7,++,9
p2,i=0.1,i=1,++,9
ro,i=0.8,i=1,,9
p3,:=0.1,i=1,+,9
73,0 =72,isi=1,*,9

ra,i=r1,isi=1,%+,9

(1yi=1,ee0,4,7,0,10
"i_{o.s,izs,es
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o {0.8,1::1,~--,4

7 10.9,i=5,-,10
p2,i=0.1,i=1,++,10
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73,i=72,isi—1,+,10

Fe,i =711,z si=1,°+,10

B 6
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s=[2 111 2 2] si={ys il
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#= #=
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Pg,i:(). 1,i=1,++,20

73,i=7g,iyi= 1y, 20

p2,i=0. 1,i=1,++,6
r2,i=0.8,i=1,,6
$3,i=0.1,i=1,+,6

p2,;=0.1,i=1,+-,15
r2,;=0.8,i=1,,15
P3,:=0. 1,i=1,++,15

73, =73, 1= 1,46 73, =7g,isi=1,y,15

74, =71, i= 1,000 20 74, =71, i= 100046 74, =71,ii=1,,15
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Tab.6 Comparative results of numerical example 3 to example 8

Dis A RE/MN LS FXFE wrE/%

S04 3 (ﬁfzf{) 0.69393  0.69899  0.729 18 i 4 (%Ff{) 1.446 62 1.453 81 0.497 72
FiAt /s 198.0 L9 FiRt/s 829. 5 476.6

S04l 5 (ﬁfzf{) 114621 115442  0.71541 6 ﬁ?tf{) 1.96804  1.989 34 1. 082 30
Fuf/s 809. 4 543.6 FAEE/s 2 892.6 1898.4

7 (ﬁ’tf{) 0.65315  0.67186  2.864 57 s q%ff{) 0.60919  0.637 26 4.607 75
FES/s 580. 2 44,7 FABY/s 1226.1 940. 6
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F B oA 7 1 5 A IR T 7 PR S A 5 B )
BRI EB ML Z T AR RGN
BIUMRA L B, oo 78 18] B , v A I 1), T
BRI L SEBUAS [ 22 G4 B A9 SR A, TRt » AR SO 8k
TEFHRROR E R YIRS, JUHRA X £ TRk
AR AP £k, T B PR T B B RCR.

3 EHI%EIE

DARESEh & ShHLGT B2k 7= 46 P B SR AL O
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Tab.7 Configuration parameters of the practical case
MK PR ML WIRE/s  ZuXAR
OP10 K7 2 1 308 4
OP20 2R ] 3 968 2
OP30 E3im| 4 1225 3
OP40 K7 2 3 812 3
OP50 2R ] 3 898
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Fig.6 Simulation model of numerical practical case
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Tab.8 Reliability parameters of the practical case

ODF/min TDF/min
]
Bl MTBF MTTR MTBF MTTR
KA1 810 59 1 607 25
2R 2 906 43 2930 27

KRB E BT IE] (mean time to repair, MTTR) B {814
KA.
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BG4 R AL 5 A BLAS TAE RS 4 A R AT
R WG IE R RGN 4 AP AR
PHEMPX ARG [(D~1D) IV R FRERS SN
BATARARSF R R AR, UF RS (D EIFTE
uh W, (2) R, HATIR SRR 4, (2) Hh 4
TR 4 L HAAHUE Dy

[, ZE Plant Simulation F4&E R SR, {5
EARINE 6 B Bk E 30 d, M2 i#AT 3 KA
BOFBE BB RGP R 0.002 70 4 « 71, 1R
ER—0. 7910, AICTE A 8.7 s, 5 EL A
14. 7 s, R His FIAS 3C 5 86 AT LUAR 3040 B S B A 7
28 505 ELAH BY AR SO R AR 7 AR I A BORG BE R A
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A ek TA R R H IR Al as 20 B3 I 3
SRR RIS TEB R K. B, 23007 AT
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