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Multi-Bottleneck Identification for Job-Shop Network

in Disturbance Environment

LI Xiaojuan, SUN Wenlei, YUAN Yiping, LI Huahua

(School of Mechanical Engineering, Xinjiang University, Urumq 830047, China)

Abstract: Aiming at the issues that the bottleneck identification is difficult and the bottleneck
identification is not global and effective after bottleneck drift for job-shop network in disturbance
environment, a new web-based manufacturing multi-bottleneck identification method is
presented. A network model of job-shop is established according to multiple levels of production
data, such as equipment and tooling, process route, logistics path, product configuration, etc.
The kinetic equations of job-shop network are established, and the criterion of transfer of
disturbance factors is thus obtained. Expending bottleneck connotation, a bottleneck
identification strategy is proposed based on CML method. By comprehensively considering the
characteristics of dynamic node itself, network topological structure and propagation mechanism
of disturbance in the network, continuous quantitative description and prediction of job-shop
bottlenecks are realized. An example for dynamically monitoring and forecasting the bottleneck in
a job shop verifies the validation and practicability of the proposed method. The results show that
in disturbance environment, CML model can better predict the trend of the bottleneck degree of

the workstations. The average bottleneck degree of workstation R, is 1. 12 and the bottleneck

WA HBA: 2016-05-11,  {EHFE A ZHEIEA987—) & Yl LA i GRGEER) . B . 8. L4aRm., X4
WH: EZEHRBIEE 4SBT H (51365054 ,51565055) 5 B 24 /K H IR X H SR B2 3k & ¥ B35 H (2014211A008) ,
[0 £ BB T] . 2016-09-23 W4 HY R E . http: // www. enki. net/kems/detail/61. 1069. T. 20160923, 1711. 018. html



12

U 5 BRI T 1Rl % (] 9 2% 220 S50 ) 5 12k B 5 65

lasts for 40 h, and the average bottleneck degree of workstation R; is 1. 05 and the bottleneck

lasts for 10 h. Workstations R, and R; become the first bottleneck of the system, along with the

progress of the process workstations R, and R;, alternately become the system bottleneck.

Keywords: job shop; disturbance environment; complex network; CML method; bottleneck

identification
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K2 P75 KL IT L 2015071308 22 63 12 i . A Ry 0.53 0.41 0.39 0.42 0.54 0.43 0.54 0.57
BAE A T 0 3L Al B A B = 5y 50 £, AR5 5K R, 1.23 1.31 1.09 1.04 1.16 1.21 1.27 1.19
OO AR ZR Fo L 28 Ry s A G 30 R, 0.96 0.87 0.97 0.99 1.02 1.06 1.06 1.05
MHHEK F. . B2 H., ZEHMME 4 K, B 4R, 1.23 1.19 1.15 1.12 1.13 1.15 1.12 1.16
2T HL 2015071396 F 3k, Z P sh (1 15 75 5 A 1 Y R, 0.82 0.86 0.81 0.86 0.90 0.91 0.88 0.90
B EIMAF TS E, TAKE N O, = (R, . Ry, Ry 0.69 0.70 0.54 0.56 0.51 0.45 0.51 0.58
R itRIF= 88 60 4, RIS H % R, 1.06 1.12 1.04 1.08 1.04 1.21 1.09 1.2
F, 03 8 28 1k 55 40 X 48 50 R, 0.88 0.84 0.84 0.89 0.85 0.89 0.85 0.84
FIH CML Jf i B it A /L, DL 1 h il BB 5R, 1.16 1.08 1.11 1.14 1.29 1.25 1.35 1.15
Ko TR0 B E B 64 h PN A sl e 0 8 %) A8 A 1 Ry 0.62 0.64 0.57 0.54 0.56 0.52 0.55 0.59
LR 4 R, Ry 0.77 0.81 0.76 0.73 0.73 0.65 0.7 0.79
R, 1.21 1.23 1.2 1.24 1.16 1.37 1.37 1.3
A4 EMBLFE D R, 1.21 1.18 1.11 1.11 1.08 1.06 1.14 1.16
L i 5 6 R, 0.96 0.95 0.98 0.96 0.97 0.95 0.98 0.99
B R, 0.57 0.55 0.56 0.70 0.69 0.75 0.73 0.83
A 1h 2h 3h 4h 5h 6h 7h 8h
Ry 0.95 0.93 0.83 0.81 0.78 0.71 0.69 0.71
R, 1.29 1.27 1.15 0.97 0.96 1.11 1.21 1.2 R, 1.37 1.18 1.28 1.27 1.22 1.09 1.19 1.23
R, 0.92 0.91 0.99 0.86 0.79 0.84 0.87 0.86 R, 1.08 1.09 106 1.05 1.05 1.05 1.03 1,03
1 R, 1.20 0.91 1.05 1.14 1.14 1.24 1.13 1.20 7 R, 0.91 0.9 0.81 0.85 0.78 0.78 0.81 0.82
R, 0.78 0.79 0.52 0.50 0.48 0.33 0.34 0.55 R 0.42 0.47 0.59 0.60 0.57 0.61 0.50 0.64
Ry 0.56 0.85 0.56 0.86 0.62 0.79 0.78 0.56 Ry 0.97 0.88 0.97 0.98 0.98 0.98 0.99 0.93
Ry 1.3z 1.31 1.29 1.09 1.3 1.34 143 141 R, 0.72 0.73 0.74 0.78 0.74 0.72 0.73 0.64
R, 1.11 1.03 1.05 1.1 1.13 1.05 1.06 1.09 R, 0.75 0.78 0.76 0.74 0.74 0.72 0.74 0.77
2R, 1.32 1.33 1.30 1.12 1.23 1.31 L.21 1.32 8 R, 0.51 0.49 0.61 0.62 0.64 0.64 0.67 0.65
Ry 0.96 0.93 0.91 0.97 1.09 1.0l 1.02 1.05 R, 0.43 0.66 0.63 0.46 0.79 0.79 0.60 0.68
Ry 0.89 0.90 1.01 0.88 0.81 0.82 0.87 0.85 R 0.85 0.92 0.79 0.82 0.76 0.73 0.85 0.80
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