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Production Rate Evaluation of Closed-loop
Production Line
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201804, China)

Abstract: A closed-loop production line has a constant
number of pallets (work in process, WIP) flowing through its
workstations and buffers. The performance of a closed-loop
production line depends not only on the machines’ reliabilities
and buffers’ capacities, but also on the constant number of
pallets. This paper presents an analytical method to
approximate the production rate of an unbalanced closed-loop
production line with finite buffers. The machines have
deterministic processing times and multiple failure modes. A
decomposition method was used to divide the whole line into
multiple two-machine-one-buffer blocks, and the failure modes
influencing the blocks are related with the constant number of

pallets. An exact algorithm to calculate the production rate for
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continuous systems was introduced to approximate the
production rate of the discrete systems. Then, interruption of
flow equations and resumption of flow equations were used to
iterate the whole line production rate until converging. At
last, cases analysis and comparison with simulation results
were used to validate the method. Especially for unbalanced
closed-loop production line with different workstation time,

the method also has high accuracy.

Key words: closed-loop production line; production rate
calculation; multiple failure modes; unbalance production

lines; decomposition
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Fig.1 A closed-loop production line
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Tab.1 Parameters of a 3-machine loop
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P61=10"%3p,1(2) = ps1 =107°%; p3.1 (2) = ps.1 =
0.013p2:,=10"%;71,,=0. 11575, (1) =rs,,=0. 15;
re1 (1D =rs1=1.00;74,1(2)=ry,;=1. 00373, (2)=
r3,0 =0.12;37r5,,=1. 00.

GO i=1F i=6,HHEE T ELRTH RS
WE. 3 EGO5 PO ARG R pi,; G+ 1.

O3 i=6 £ i=1, BB BULTHPRE
2,18 E@ 5 P, O, FAR GO FER pi,; G—D.

(DEEFXEG) FEGE) , HEEEEHIT
FRIAE = RIS, B pr; () py GO A FAE AL, /N
Pr B R A =3,

o B Uk A 7 R 5 %, Al A Tecnomatix
Plant Simulation ({43 BFE 1.8 2 @ =T
R AR Pk 0 EAS Y, T AT 0 AR L (5 HL A5 2R
5¥MET RS R ME 5, A RERRER
0.37%, HItARCRIm®m FHE % Hd =REH
Az 7 SR BUE TR B AR X A= 7= 2 0 B AR X R 22,

x5 BEHEFESHEAEMEEITLL
Tab.5 Performance comparison between

algorithm and simulation

251 KRR FiR /s
BEITE 0.913 2 1
Plant Simulation {}§ B 0.916 6 150

BT RIS AR AL AR 15 BL.

(DRI 1 AT M AR R o H AR, BE
ARSI IR WA B 25 18 B A 7 RN A R — 4 ol
TE 20 %00 Bl A, PRI R o BOZRAGE BRI ZE 1. O~
0. 8. TAMITHELERUNE 8 Fim.BEE 1 WFHE, %
LA PRI TR 7 HAE RS BT A 4R
XRZIRAFEHITE 2003 .
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Fig.8 Production rate with parameter g, varying
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Tab.6 Parameters of 3-machine loop with

total different efficiency

ERA © P r

M, 0. 850 0 0.010 0
M, 72 0.010 0
M; 1. 000 0 0.010 0

0.785
0.780
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0.770
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¥ 0.760

1_7 0.755
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0.735F
0.730 Lt .

1
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My
9 MENEZERERNETARBEETRETE
Fig.9 Production rate of 3-machine loop with

different independent efficiency
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2 AN TSI AL A 0. 7~1. 0 SR I 3h, T
RZBINR 7 iR, Gop X AL E R FE AR 2 B
N2 PR RTT A G R W E 10 B, Gershwin-
Werner f77 15 BEKH R 22 I 78 808 I, A 3007
BEERR I HIE 2% TEREIN. Gershwin-Werner J5
B TG I E A TR AR R BB, R
REF FRORR 055 FA4E o B T HoR RS T 55 X R i
A RKIRZE.

RT WA ELREUHN=ZIAREEFREZTSH
Tab.7 Parameters of 3-machine loop with

independent efficiency varying

ERA © P r

M; 0.950 0 0.010 0 0.1100
M, 2 0.010 0 0.120 0
M; 1. 000 O 0.010 0 0.150 0

(DO EHE L T HE L. 0 h TR EF=LR,
HITNSHINFES Zop X il B &I E&EnER K



KR G

XM, % IR TR A 7 R A 399

0.900
0.875
0.850
0.825
0.800
0.775
0.750
0.725
0.700
0.650
0.625
0.6004

Ko

—— i E T
—— BT
0.575 - 4 - Gershwin-Werner J5 %
0.550 1 1 1 1 1 1 J
0.70 0.75 0.80 0.85 090 095 1.00 1.05
25)
B 10 AREAEILE

Fig.10 Performance comparison between the methods
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Tab.8 Parameters of 5-machine loop

TAr o P r

M P 0.010 0 0.110 0
M, 1 0.010 0 0.120 0
M; 1 0.010 0 0.130 0
M, 1 0.010 0 0.140 0
Ms 1 0.010 0 0.150 0

x99 AINABEFREIRBZEREEH
Tab.9 Buffer capacity and pallet number
of 5-machine loop
B B, B; By Bs I
10 10 10 10 10 28
5 1A TS AL 3Rl 0.1 FF4R 1L 0. 1 93 i
B R 2. 5, K B 7 IR RO R . 1A R
B 11, 505 B RAR TR EAE 8 T .
e 9. & 10 /8 11, B A7 g absc ARy R E

Tt 0 EAMBUE T BB R A 7 R AR S LI MR
Rl 3 EARAT- A A 7 SE R 9. AR S A ke
REBELR AR PR AR, S — > A7 B9S2 A Al FRAm A
T A TS B 5 2 TR A R M R A 7 R
RPFIER XA A0 380 5 M ORI Az, e, R 4R
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Fig.11 Production rate of 5-machine loop with

one machine’s efficiency varying
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Tab.10 Process parameters of main box assembly line of a certain gearbox

“ e 5 A 5 %l
OP010M B3 EA IR B4 2T A B A, 2 B BB TCR e 324 41 75 000 50
OP020M BT UTCRN A5 5 5 26 B U S AR 40 75 000 50
OP030M SR, 37 E S AR E A 41 66 000 46
OP040M TR AR 34 75 000 50
OP050M RV F IR A R S RS 42 76 000 42

w;=1/T;, p;=1/(Mpg: X60) ,r;=1/(Mrr X60),
i=1,2,+,5, HH, My . Mrrr 53 3 378 T 385 ]
% [ 0 - 4 il A6 52 ).

# 10 LHFEBUR BEISHNE 11

B HRLAS TR P X AR 4, DIFEREL
7R fE ARYE A SR B P PR A P R A 7R R R
HEURGTET SR AR BN 1 3= 20 A
AR A FEARR L LR TR AR I 12.

BB TRANZ WX AR 40, ZF %S
B FEBREE R TR/ R b KA RS T, A5

x11 ELTERIFESREIMSE
Tab.11 Workstation parameters of main box

assembly line of a certain gearbox

TAr P P r

M, 0.024 4 2.222 22X1077 0. 000 3
M, 0.0250 2.222 22X1077 0. 000 3
M; 0.024 4 2.525 25X1077 0. 000 4
M, 0.026 3 2.222 22X1077 0. 000 3
M; 0.023 8 2.192 98 X107 0. 000 4
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